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The  pnblioations  of  the  Uuted  States  Geological  Survey  are  issiied  in  accordance  with  the  statute 
approTed  March  3, 1879,  which  declares  that— 

"  The  pnhlioatioDS  of  the  Oeological  Survey  shall  consist  of  the  annual  rejtort  of  operations,  seologioal 
and  eoonomlo  maps  illoatrating  the  resources  and  olassiflcation  of  the  lands,  and  reports  upon  general 
and  eoooomie  geology  and  paleontology.  The  annual  report  of  operations  of  the  Oeologioal  Survey 
shall  aooompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  but  other- 
wise in  ordinary  octavos.  Three  thousand  copies  of  each  shall  be  published  for  scientific  exchsnges 
and  for  sale  at  the  price  of  publication ;  and  all  literary  and  cartographic  materials  received  in  exchange 
shall  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organisation:  And  the 
money  resulting  tram  the  sale  of  such  publications  shall  be  covered  into  the  Treasury  of  the  United 
States." 

On  July  7, 1882,  the  following  joint  resolution,  referring  to  all  Government  publications,  was  passed 
by  Ccngrees: 

"That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be  printed, 
in  addition  to  the  number  in  each  case  stated,  the  'usual  number'  (1,900)  of  copies  for  binding  and 
distribution  among  those  entitled  to  receive  them.'* 

Except  in  those  esses  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
oy  special  resolution  of  Congress  or  has  been  ordered  by  the  Secretary  of  the  Interior,  this  OfBce  has 
DO  copies  for  gratuitous  distribution. 

ANNUAL  REPORTS. 

Of  the  Annual  Reports  there  have  been  already  published : 

I.  First  Annual  Report  to  the  Hon.  Carl  Schurz,  by  Clarence  King.  1890.  SP.  79  pp.  1  map.— A 
preliminary  report  describing  plan  of  organisation  and  publications. 

n.  Report  of  the  Director  of  the  United  States  Geological  Survey  for  1880>'81,  by  J.  W.  Po\rell. 
1882.    dP.    Iv,  588  pp.    81  pi.    1  map. 

nL  Third  Annual  Report  of  the  United  States  Geological  Survey,  1881-*82,  by  J.  W.  Powell.  1883. 
9P,    xviii,  564  pp.    87  pi.  and  maps. 

IV.  Fourth  Annual  Report  of  the  United  States  Geological  Survey,  1882-'83,  by  J.  W,  Powv.! .  1884. 
9P.    xxxH,  473  pp.    86  pi.  and  maps. 

T.  Fifth  Annual  Report  of  the  United  States  Geological  Survey,  1888-'84,  by  J.  W.  Powell.  1885. 
9P.    xzxvl,  460  pp.    58  pi.  and  maps. 

The  Sixth  and  Seventh  Annual  Reports  are  in  press. 

MONOGRAPHS. 

Of  the  Monographs,  Nos.  II,  IH,  IV,  V,  VI,  VII.  Vm,  IX,  X,  and  XI  are  now  published,  vis: 
n.  Tertiary  History  of  the  Grand  Ca&on  District,  with  atlas,  by  Clarence  £.  Dutton.  Capt  U.  S.  A. 
1882.    40.    xiv,  a64pp.    42  pi.  and  atlas  of  24  sheets  folio.    Price  $10.12. 
in.  Geology  of  the  Comstock  Lode  and  the  Washoe  District,  with  atlas,  by  George  F.  Becker. 

1882.  40.    XT,  422  pp.    7  pi.  and  atlas  of  21  sheets  folio.    Price  $11. 

IV.  Comstock  Mining  and  Miners,  by  Eliot  Lord.     1883.    40.    xir,  451  pp.    3  pi.    Price  $1.50. 

V.  Copper-bearing  Rocks  of  Lake  Superior,  by  Roland  D.  Irving.  1888.  4°.  xvi.  464  pp.  15 1. 
29  pi.    Price  $1.85. 

VI.  Contributions  to  the  Knowledge  of  the  Older  Mesozoic  Flora  of  Virginia,  by  Wm.  M.  Fontaine. 

1883.  40.    xi,  144  pp.    54  1.    54  pi.    Price  $1.05. 

VIL  SUver-Lead  Deposits  of  Eureka,  Nevada,  by  Joseph  S.  Curtis.  1884.  4°.  xiii.  200  pp.  16  pL 
Price  $1.20. 

VUL  Paleontology  of  the  Eureka  District,  by  Charles  D.  Waloott.  1884.  40.  xiii.  298  pp.  24  L 
24  pi.    Price  $1.10. 

IX.  Brachiopoda  and  Lamellibranchiata  of  the  Raritan  Clays  and  Greensand  Marls  of  New  Jersey, 
by  Robert  P.  Whitfield.   1885.    i°.    xx,  338  pp.    35  pi.    Price  $1.15. 

X.  Dinooerata.  A  Monograph  of  an  Extinct  Order  of  Gigantic  Mammalu,  by  Othniel  Charles  Marsh. 
1885.    40.    rriii,  243  pp.    56  L    56  pi.    Price  $2.70. 

XL  Geological  History  of  Lake  Lahontan,  a  Quatemary  Lake  of  Northwestern  Nevada,  by  Israel 
Cook  RnsaeU.    1885.    4°.    xiv,  288  pp.    46  pi.    Price  $1.75. 


ADVEETISEMENT. 

The  following  is  in  preas,  viz : 

XTT.  Oeology  and  Minings  Industry  of  Leadville,  with  atlas,  by  S.  F.  Emmons.    1886.    4^.    xxix, 
770  pp.    45  pi.  and  atlas  of  35  sheets  folio. 
The  foUowing  are  in  preparation,  viz : 
I.  The  Precioos  Metals,  by  Clarence  King. 

—  Gasteropoda  of  the  New  Jersey  Cretaceous  and  Bocene  Marls,  by  R.  P.  Whitfield. 

—  Geology  of  the  Eureka  Mining  District,  Nevada,  with  ntlas,  by  Arnold  Hague. 

—  Lake  Bonneville,  by  G.  K.  Gilbert 

—  Sauropoda,  by  Prof.  0.  C.  Marsh. 

—  Stegosaariat  by  Prof  O.  C.  Marsh. 

~  BrontotheridsB,  by  Prof.  0.  C.  Marsh. 

—  Geology  of  the  Qnickailver  Deposite  of  the  Pacific  Slope,  with  atlas,  by  George  F.  Becker. 

—  The  Penokee-Gogebic  Iron-Bearing  Series  of  North  Wisconsin  and  Michigan,  by  Boland  D.  Ir  v .  ug. 

—  Younger  Mesoaoio  Flora  of  Virginia,  by  William  M.  Fontaine. 

—  Description  of  New  Fossil  Plants  from  the  Dakota  Group,  by  Leo  Lesquereux. 

—  Report  on  the  Denver  Coal  Basin,  by  S.  F.  Emmons. 

—  Report  on  Ten-Mile  Mining  District.  Colorado,  by  S.  F.  Emmons. 

—  Report  on  Silver  Cliff  Mining  District,  by  S.  F.  Emmons. 

—  Flora  of  the  Dakota  Group,  by  J.  8.  Newberry. 

BITLLETIN& 

The  Bulletins  of  the  Survey  will  contain  such  papers  relating  to  the  general  purpose  of  its  work  as 
do  not  properly  come  under  the  heads  of  Annual  Reports  or  Monographs. 

Each  of  these  Bulletins  contains  but  one  paper  and  Is  complete  in  itself.  They  are,  however,  num- 
bered in  a  continuous  series,  and  may  be  united  into  volumes  of  convenient  size.  To  facilitate  this, 
each  Bulletin  has  two  paginations,  one  proper  to  itself  and  another  which  belongs  to  it  as  part  of  the 
volume. 

Of  this  series  of  Bulletins  Nos.  1  to  38  are  already  published,  viz : 

1.  On  Hypersthene-Andesite  and  on  Triclinic  Pyroxene  in  Augitic  Rocks,  by  Whitman  Cross,  with 
a  Geological  Sketch  of  BuIEaIo  Peaks,  Colorado,  by  S.  F.  Emmons.    1883.  89.   42  pp.  2  pi.   Price  10  cents. 

2.  Gold  and  Silver  Conversion  Tables,  giving  the  coining  values  of  troy  ounces  of  fine  metal,  etc.,  by 
Albert  Williams,  Jr.    1883.    8o.    8  pp.    Price  5  cents. 

8.  On  the  Fossil  Faunas  of  the  Upper  Devonian,  along  the  meridian  of  79°  SC,  from  Tompkins  County, 
New  York,  to  Bradford  County,  Pennsylvania,  by  Henry  S.  Williams.    1884.    8^.    36  pp.    Price  5  cents. 

4.  On  Mesozoic  Fossils,  by  Charles  A.  White.    1884.    8^.    36  pp.    9  pi.    Price  5  cents. 

5.  A  Dictionary  of  Altitudes  in  the  United  States,  compiled  by  Henry  Gannett.  1884.  8<'.  325  pp. 
Price  20  cents. 

6.  Elevations  in  the  Dominion  of  Canada,  by  J.  W.  Spencer.    1884.    8*^.    43  pp.  Price  5  cents. 

7.  Mapoteca  Geologica  Americana.  A  cataloguo  of  geological  maps  of  America  (North  and  South), 
1752-1881,  by  Jules  Marcou  and  John  Belknap  Maroou.    1884.    S°.    184  pp.    Price  10  cents. 

8.  On  Secondary  Enlargements  of  Mineral  Fragments  in  Certain  Rocks,  by  R.  D.  Irving  and  C.  R. 
Tan  Hise.    1884.    8°.    56  pp.    6  pi.    Price  10  cents. 

9.  Report  of  work  done  in  the  Washinsrton  Laboratory  during  the  fiscal  year  1883-*84.  F.  W.  Clarke, 
chief  chemist ;  T.  M.  Chatard.  assistant.    1884.    8P.    40  pp.    Price  5  cents. 

10.  On  the  Cambrian  Faunas  of  North  America.  Preliminary  studies,  by  Charles  D.  Walcott.  1884. 
80.    74  pp.    10  pi.    Price  5  cents. 

11.  On  the  Quaternary  and  Recent  MoUusca  of  the  Great  Basin ;  with  Descriptions  of  New  Forms,  by 
R.  Ellsworth  Call;  introduced  by  a  sketch  of  the  Quaternary  Lakes  of  the  Great  Basin,  by  G.  E.  Gil- 
bert.   1884.    8°.    66  pp.    6  pi.    Price  5  cents. 

12.  A  Crystallographic  Study  of  the  Thtnolite  of  Lake  Lahontan,  by  Edward  8.  Dana.  1884.  8°. 
84  pp.    3  pi.    Price  5  cents. 

13.  Boundaries  of  the  United  States  and  of  the  several  States  and  Territories,  by  Henry  Gannett, 
1885.    89.    135  pp.    Price  10  cents. 

14.  The  Electrical  and  Magnetic  Properties  of  the  Iron-Carburets,  by  Carl  Barns  and  Vincent 
StrouhaL    1885.    8°.    238  pp.    Price  15  cents. 

15.  On  the  Mesozoic  and  Cenozoio  Paleontology  of  Califomia,  by  Charles  A.  White.  1885.  8°. 
83  pp.    Price  5  cents. 

16.  On  the  higher  Devonian  Faunas  of  Ontario  County,  New  York,  by  John  M.  Clarke.  1885.  8^. 
86  pp.    3  pi.    Price  5  cents. 

17.  On  the  Development  of  Crystallization  in  the  Igneous  Rocks  of  Washoe,  Nevada,  by  Arnold 
Hague  and  Joseph  P.  Iddings.    1885.    8°.    44  pp.    Price  5  cents. 

18.  On  Marine  Eocene,  Fresh-water  Miocene,  and  other  Fossil  Molluscs  of  Western  North  America, 
by  Charles  A.  White.    1885.    8o.    26  pp.    3  pi.    Price  5  cents. 

19.  Notes  on  the  Stratigraphy  of  Califomia,  by  George  F.  Becker.    1885.    8°.    28  pp.    Price  5  cenU. 
Contributions  to  the  Miuerulogy  of  the  Rooky  Mountains,  by  Whitman  Cross  and  W.  F.  Hille- 

/«a    ^^.    Hipp.    Ip).    Price  10  cents. 


ADVERTISEMENT. 

21.  The  Lignites  of  the  Great  Sioux  BeeervaUon,  by  BaQey  WilUa.  «886.  29.  16  pp.  6  pL  PiIm 
Scents. 

22.  On  New  Cretaoeoas  Fossils  from  California,  by  Charles  A.  White.  1885.  99.  25  pp.  5  pi.  Piioe 
Scents. 

23.  Observations  on  the  Junction  between  the  Eastet-n  Sandstone  and  the  Keweenaw  Series  on 
Keweenaw  Point,  Lake  Superior,  by  R.  D.  Irrlng  and  T.  C.  Chamberlin.  1885.  8°.  124  pp.  17  pL 
Price  15  cents. 

24.  List  of  Marine  MoUosoa,  comprising  the  Qoatemary  fossils  and  recent  forms  from  American 
localities  between  Cape  Hatteras  and  Cape  Roque,  inclading  the  Bermudas,  by  William  H.  OaU.  1886. 
9^.    336  pp.    Price  25  cents. 

25.  The  Present  Technical  Condition  of  the  Steel  Industry  of  the  United  States,  by  Phineas  Barnes. 
1885.    8o.   85  pp.   Price  10  cents. 

26.  Copper  Smelting,  by  Henry  M.  Howe.    1885.    8P.    107  pp.     Price  10  cents. 

27.  Report  of  work  done  in  the  division  of  Chemistry  and  Physios,  mainly  during  the  fiscal  year 
1884-'85.    1886.    9P.    80  pp.    Price  10  cents. 

28.  The  Gabbros  and  Associated  Hornblende  Rockn  occurring  in  the  neighborhood  of  Baltimore,  Md., 
by  Oeorge  H.  Williams.    1886.    89.    78  pp.    4  pi.    Price  10  cents. 

29.  On  the  Fresh-water  InTertebrates  of  the  North  American  Jurassic,  by  Charles  A.  White.  1886. 
8^.    41  pp.    4  pL    Price  5  cents. 

30.  Second  contribution  to  the  studies  on  the  Cambrian  Faunas  of  North  America,  by  Charles  D. 
Walcott.    1886.    BP.    860  pp.    33  pi.    Price  25  cents. 

31.  A  systematic  review  of  our  present  knowledge  of  Fossil  Insects,  including  Myriapods  and  Arach- 
nids, by  Samuel  H.  Scudder.    1886.    89,    128  pp.    Price  15  cents. 

32.  Lists  and  Analyses  of  the  Mineral  Springs  of  the  United  States;  a  preliminary  study,  by  Albert 
C.  Peale.    1886.    89.    235  pp.    Price  20  cents. 

33.  Notes  on  the  Geology  of  Northern  California,  by  Joseph  S.  DiUer.  1886.  89.  28  pp.  Price  5  cents. 
84.  On  the  relation  of  the  Laramie  MoUuscan  Fauna  to  that  of  the  succeeding  Fresh-water  Eocene 

and  other  groups,  by  Charles  A.  White.    1886.    8^.    54  pp.    5  pi.    Price  10  cents. 

35.  The  Physical  Properties  of  the  Iron-Carburets,  by  Carl  Bams  and  Vinoent  Strouhal.  1886.  89. 
62  pp.    Price  10  cents. 

86.  Subsidence  of  fine  Solid  particles  in  Liquids,  by  Carl  Bams.    1887.    8^.    58  pp.    Price  10  cents. 

37.  Types  of  the  Laramie  Flora,  by  Lester  F.  Ward.    1887.    89.    854  pp.    57  pi.    Price  25  cents. 

38.  Peridotite  of  Elliott  County,  Kentucky,  by  Joseph  S.  Diller.  1887.  89,  81  pp.  1  pi.  Price  5 
cents. 

Numbers  1  to  6  of  the  Bulletins  form  Volume  I ;  Numbers  7  to  14,  Volume  n ;  Numbers  15  to  23,  Vd- 
ume  ni ;  Numbers  34  to  30,  Volume  IV ;  Numbers  31  to  86,  Volume  V.   Volume  VI  is  not  yet  complete. 
The  following  are  in  press,  vis : 

39.  The  Upper  Beaches  and  Deltas  of  the  Glacial  Lake  Agassis,  by  Wanen  Upham. 

40.  Changes  in  River  Courses  in  Washington  Territory  due  to  Glaoiatlon,  by  Bailey  WiUis. 

41.  Fossil  Faunas  of  the  Upper  Devonian— the  Genesee  Section,  by  Henry  8.  Williams. 

42.  Report  of  work  done  in  the  division  of  Chemistry  and  Physics,  mainly  during  the  fiscal  year 
1885-'86.    F.  W.  Clarke,  chief  chemist 

43.  On  the  Tertiary  and  Cretaceous  Strata  of  the  Tuscaloosa,  Tombigbee,  and  Alabama  Rivers,  by 
Eugene  A.  Smith  and  Lawrence  C.  Johnson. 

In  preparation : 

44.  Historic  statement  respecting  geologic  work  in  Texas,  by  R.  T.  HiU. 

45.  The  Nature  and  Origin  of  Deposits  of  Phosphates  of  Lime,  by  R.  A.  F.  Penrose,  Jr. 

46.  Bibliography  of  North  American  Crustacea,  by  A.  W.  Vogdes. 
—  The  Gabbros  and  associated  rooks  in  Delaware,  by  F.  D  Chester. 
->  Report  on  Louisiana  and  Texas,  by  Lawrence  C.  Johnson. 

STATISTICAL  PAPERS. 

A  fourth  series  of  publications,  having  special  reference  to  the  mineral  resources  of  the  United 
Stipes,  has  been  undertaken. 

Of  that  series  the  following  have  been  published,  viz : 

MineralResources  of  the  United  States  [1882],  by  Albert  Williams,  Jr.  1883.  99.  xvii,813pp.  Price 
50  cents. 

Mineral  Resources  of  the  United  States,  1886  and  1884,  by  Albert  Williams,  Jr.  1885.  8o.  xiv,  1016 
ppl    Price  60  cents. 

Mineral  Resources  of  the  United  States,  1885.  Division  of  Mining  Statistics  and  Technology.  1886. 
89.    vii,  576  pp.    Price  40  cents. 

Correspondence  relating  to  the  publications  of  the  Survey,  and  all  remittances,  which  must  be  by 
FOffTAL  NOTI  or  MOVET  ORDBR  (uot  Stamps),  should  be  addressed 

To  THE  DiBBCTOE  OF  THE 

United  StulTEa  QtEiO\jo«i\^k.\.  ^\3^'n:t.> 
Wash/avton,  D.  a,  AprU  15.  1887. 
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By  J.  S.  DiLLEB. 


1  ■    • 


INTEODUOTION. 

Several  years  ago  Prof.  A.  B.  CraDdall,  of  the  Geological  Survey  of 
Kentucky,  discovered  dikes  of  au  iuterestiug  eruptive  rock  between 
Isom's  and  Gritche's  Greeks,  near  Fielden  post  office,  6  miles  southwest 
of  Willard,  in  Elliott  Gounty,  Kentucky.  The  position  of  these  dikes 
is  shown  upon  two  of  the  geological  maps  of  Eastern  Kentucky.  Both 
maps  were  prepared  under  the  supervision  of  John  E.  Procter,  the  di- 
rector of  the  Kentucky  Geological  Survey,  by  Professor  Grandall  and 
J.  B.  Hoeing.  One,  on  a  scale  of  about  4  miles  to  an  inch,  is  designed  to 
show  the  relation  of  the  conglomerate  uplifts  and  the  dikes ;  the  other, 
on  a  scale  of  2  miles  to  an  inch,  gives  the  areal  distribution  of  the  dikes, 
the  Goal  Measures,  and  the  conglomerate  in  Elliott  Gounty.  In  a  ver- 
tical section  on  the  same  sheet  the  relations  of  these  terranes  are  illus- 
trated. 

A  chemical  analysis  of  the  dike  rock  was  made  by  Messrs.  A.  M.  Peter 
and  J.  H.  Kastle,  in  the  laboratory  of  the  Geological  Survey  of  Ken- 
tucky. Samples  of  the  same  material  were  sent  to  the  United  States 
Geological  Survey  for  microscopic  examination.  It  was  found  to  be  a 
peridotite,  and  a  brief  notice  of  its  occurrence  was  published  in  Science, 
January  23,  1885,  page  65. 

At  the  request  of  Mr.  Procter  and  with  the  approval  of  Gapt.  G.  E. 
Dutton  and  the  Director  of  the  United  States  Geological  Survey,  I 
joined  Professor  Grandall  in  an  excursion  to  the  dikes  to  collect  a  com- 
plete series  of  specimens  for  petrographic  investigation. 

DISTRIBUTION  AND  MODE  OF   OGGUBRENOB. 

The  accompanying  map,  Plate  I,  was  prepared  by  enlarging  a  small 
portion  of  the  map  of  Elliott  Gounty  and  introducing  the  additional 
data  obtained  during  our  late  excursion. 

At  my  request.  Professor  Grandall,  who  has  visited  the  region  a 
number  of  times,  kindly  furnished  the  following  field  notes : 

This  dike  represents  an  eraption  of  very  limited  extent  laterally,  being  found  only 
in  a  small  part  of  the  valley  of  the  Little  Fork  of  the  Little  Sandy  Biver.  From  its 
limited  range,  and  also  from  the  readiness  with  which  the  rock  of  which  it  is  com- 
posed disintegrates,  it  does  not  appear  as  a  noticeable  factor  in  the  topography  of  the 
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region,  and  it  Ib  with  some  diffioulty  that  it«  nan  he  traced  heyond  the  ezposnres 
which  mark  a  few  pointA  along  its  sarflEMse  prol9ngation.  It  appears  to  extend  in  two 
diverging  lines  from  Critche's  Creek,  iiltp  the*vklley  of  Isom's  Creek,  with  several 
minor  offshoots  of  nndetermiped;^^!^  dmihtless  limited  extent,  possihly  no  more 
than  wedge-like  projectv>Qft*^ofti  *ibb  main  dike  between  the  strata  of  the  Coal 
Measures  which  make  tffi^^it^^^  whole  height  of  the  hills  of  this  region.  The  whole 
length  of  the  dike  ii^.i^  greatest  surface  extension  appears  to  be  less  than  a  mile, 
with  a  widtl^of  from  a  few  feet  to  fifty  or  more,  as  indicated  by  one  exposure  near 
l8omVmnr,*<t)]W>tigh  the  slight  local  disturbance  of  the  including  rocks  and  the  incon- 
•  •jsid^al^ler  metamorphic  action,  as  well  as  the  limited  area,  indicate  no  great  mass  of 

*  **lhe'iiitrusiTerock.    These  considerations  and  some  of  the  conditions  noted  at  Isom's 

•  •  • 

*•  *  mill  suggest  the  possibility  that  the  exposure  there  shows  a  local  lateral  expan- 
sion, rather  than  the  width  of  the  dike.  All  the  rocks  of  this  part  of  the  coal  field, 
including  the  beds  up  to  coal  seven  (the  Coalton  coal  of  Kentucky,  the  Sheridan  and 
Nelson ville  of  Ohio),  are  cut  by  both  arms  of  the  dike. 

Although  there  are  bat  three  localities  where  the  peridotite  is  ex- 
posed, its  areal  distribation,  as  indicated  apon  the  accompanying  map 
(Plate  I),  can  be  made  out  with  a  high  degree  of  probability  by  the 
occurrence  of  numerous  small  fragments  of  ilmenite  and  pyrope  in  the 
soil  resulting  from  its  decomposition. 

MINERALOOICAL  COMPOSITION  AND  STRUCTURE. 

The  best  and  freshest  specimens  of  peridotite  were  collected  at  local- 
ity marked  1  upon  the  map,  where  the  specimens  were  prepared  for  the 
educational  series.  It  is  a  compact,  dark  greenish  rock,  with  a  specific 
gravity  of  2.781.  In  it  are  embedded  many  grains  of  yellowish  olivine, 
uniformly  distributed  throughout  the  mass.  Barely  it  is  fine  granular 
and  dense,  like  many  darker  colored  basalts,  but  generally  the  grains  of 
which  it  is  composed  are  medium  sized.  Occasionally  the  olivine  grains 
disappear  and  the  deep  green  serpentine  pervades  the  whole  mass. 
Besides  the  olivine  and  serpentine,  which  together  form  nearly  75  per 
cent,  of  the  rock,  there  are  other  minerals  which  appear  in  the  hand 
specimen.  Most  important  among  these  are  pyrope  and  ilmenite,  the 
latter  appearing  in  the  form  of  irregular  grains  which  sometimes  attain 
a  diameter  of  nearly  2  centimeters.  A  few  scales  of  biotite  may  be 
observed.  Near  the  exposed  surface  the  rock  becomes  yellowish,  due 
to  the  oxidation  of  the  iron,  and  softens  so  that  it  readily  disintegrates. 
The  garnet  and  much  of  the  ilmenite  withstand  the  atmospheric  influ- 
ences and  are  found  quite  fresh  and  abundant  in  the  sand  resulting 
from  the  disintegration  of  the  peridotite. 

The  specimens  from  localities  1  and  2,  the  exposures  of  the  eastern 
dike,  are  free  from  included  fragments  of  the  rocks  through  which  the 
peridotite  has  been  extravasated ;  but  those  from  locality  3,  in  the  west- 
em  dike  near  Isom's  mill,  are  full  of  fragments  of  shale,  which  have 
been  greatly  indurated  and  metamorphosed  in  the  operation. 

The  following  table  is  based  directly  upon  estimates  made  under  the 
microscope  of  the  areal  distribution  of  the  various  minerals  in  the 
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fimhest  portionaor  the  seotioos  from  locality  1,  where  tbe  peridotite  is 
leas  altered  than  at  any  of  tbe  other  ezposiires : 


F1I11U17  mlnsnlt. 

»»„to^-»u. 

Ftremt. 

1 

rl' 

"■?, 

P« 

It  U  not  claimed,  of  coarse,  that  this  table  represents  with  a  higb 
degree  of  accuracy  the  minerological  composition  of  tbe  rock,  yet  it 
closely  approximates  the  real  proportions  in  tbe  sections  studied.  Tbe 
table  clearly  indicates  that  originally  at  least  80  per  cent,  of  tbe  rock 
was  olivine  and  that  altimately  it  will  be  nearly  all  serpentine — or, 
perhaps,  in  some  places  dolomite — with  a  small  proportion  of  mag- 
netite, ilmenite,  garnet,  and  octahedrite. 


The  general  stmctore  of  the  rock  is  illustrated  in  Fig.  1,  which  shows 
the  remaining  grains  of  olivine  inclosed  in  a  network  of  serpentine 
with  other  prodncts  of  alteration.  The  high  proportion  of  olivine  in 
tbe  rock  places  it  among  those  peridotites  which  are  generally  desig- 
nated dnnites,  bnt  the  presence  of  some  enstatite  shows  itsrelation- 
Bbip  to  another  member  of  tbe  same  family. 
(366) 
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forming  to  the  embayed  contoar.  This  border  is  irregol&r  in  straotare 
and  composition,  bnt  ia  almost  always  present.  Where  most  prominent 
It  is  formed  of  aoicalar  crys  tals  rsdiating  from  the  enstatite,  bat  gen- 
«xally  it  is  composed  of  trsoslncent  grains  of  pyroxene  rendwed  some- 
what clouded,  apparently  by  the  secretion  of  ferritio  matter.  The  flbrona 
mineral  is  transparent,  with  strong  double  refraction  and  small  angle 
of  extinction,  indicating  that  it  is  hornblende. 

The  embayments  of  the  iiregnlar  enatatite  sometimes  contain  olivine, 
demonstrating  that  the  pyroxene  is  an  earlier  prodoct  of  crystallizatioa 
than  the  olivine  and  owes  its  border,  at  least  in  part,  to  the  subsequent 
oorrosive  aotion  of  the  magma. 

The  mica  is  dark  colored,  strongly  dichroio,  with  a  very  small  optio 
axial  angle  in  the  plane  of  the  principal  ray  of  the  radial  figore  (Sohlag- 
Ugar)  prodaoed  by  pnnctaring  a  thin  plat«  of  the  mica  with  a  sharp 
needle.  It  doabtless  belongs  to  the  biotit«  series  and  is  sparingly  dis; 
tributed  thronghont  the  rook.  Figare  5  represents  a 
cross  section  of  a  somewhat  nncommon  scale  of  brown 
biotite  made  np  of  lamtnie  differing  from  one  uiother 
in  pleochroism.  The  foUee  forming  the  top  and  the 
base  of  the  scale,  the  shaded  portions  in  Fig.  ff,  are 
more  deeply  colored  and  strongly  dichroio  than  the 
light  brown  portion  in  the  middle.  All  portions  are 
optically  continnons  and  snrronnded  by  a  prominent 
border  composed  of  colorless  mica  and  oxide  of  iron. 
The  mica  of  the  border  ia  continuous  with  the  other, 
and  evidentiy  owes  its  loss  of  color  to  leaching  out  the 
oxide  of  iron.  With  the  exception  of  fine  ferritio  dust 
irregnlarly  scattered  tbrooghont  the  scales  of  mica  it 
is  generally  free  from  inclusions.  Oue  scale,  bowevw,  has  prominent 
deep  brown  iaotropic  inclusions  which  lie  in  the  basal  plane.  They 
look  very  like  basaltic  hornblende  in  ordinary  tranamitted  light,  bat 
the  entire  absence  of  doable  re&action  and  consequent  properties  clearly 
demoDstratea  that  if  the  substance  is  crystalline  in  structure  it  must 
belong  to  the  isometric  system.  It  ia  perhaps  significant  that  the  axes 
of  greatest  extension  in  the  inclasions  are  approximately  parallel  to 
three  sets  of  sharp  fissures  which  apparently  correspond  to  the  rays 
of  the  pecnliar  figare  developed  by  pressure,  the  so-called  Drnckfigur. 
The  general  appearance  of  the  biotite  conveys  the  impression  that  it  has 
ondergone  conditions  detrimental  to  its  existence  and  must  belong  to 
the  earliest  products  of  crystallization.  Of  this  we  have  convincing 
evidence  ia  its  relations  to  other  minerals,  for  biotite  is  frequently 
included  in  olivine.  Barely  the  biotite  is  aurronnded  by  an  irregular 
secondaiy  border  composed  of  magnetite  and  biotite  differing  widely  in 
pleochroism  fh>m  the  biotite  within  the  border.  The  biotite  of  the  grain 
and  its  border  are  optically  continnons,  but,  while  the  pleochroism  of  the 
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former  ranges  firom  almost  colorless  to  light  browoisb  yellow,  that  of 
the  tatter  ia  ooirespondiag  positions  is  orange-yellotr  aod  green. 

The  relation  of  the  biotite  to  the  garnet  ia  of  especial  interest  and 
will  be  noted  in  discassing  the  composition  of  that  peculiar  envelope  in 
vhich  the  pyrope  is  iucloaed.  It  is  evident,  however,  that  the  biotite 
upon  the  periphery  and  in  the  flasares  of  the  garnet  is  of  secondary 
origin. 

Pyrope  cannot  be  considered  one  of  the  essential  minerals  in  this  rock, 
yet  it  is  among  the  most  prominent.  It  occurs  in  spherioal  and  ellipsoidal 
grains  varying  from  1  millimeter  to  more  than  a  dozen  millimeters  in 
diameter,  They  are  foand  abundantly  along  the  line  of  the  dike  in  the 
soil  resulting  from  its  disintegration.  The  small,  clear,  deep  red  grains 
have  a  speoiUo  gravity  of  3.673  and  are  locally  regarded  as  rubies  of 
problematical  value,  bnt  the  paler  red,  much  fractured  fragments  of 
lai^;er  size  have  attracted  little  attention. 

The  most  ioteresting  feature  of  the  pyrope  is  prominent  under  the 
microscope,  where  it  is  seen  to  be  surrounded  by  a  border  of  nulial  fibers 
analogooB  to  that  described  by  Fr.  Becke'  and  A.  Sohrauf,*  and  later  crit- 
ically examined  by  A.  v.  Lasanlx.'  The  general  character  of  the  border 
is  represented  in  Fig.  6.  It  is  composed  of  two  essentially  different  sub- 
stances, both  of  which  are  always  present, 
fdthough  varying  much  in  proportions. 
First  of  these  may  be  mentioned  a  dark 
powder,  which  is  ft«qneatly  so  abundant 
as  to  render  the  border  opaque.  It  occurs 
most  abundantly  iu  the  outer  portion  of 
the  border  and  is  chiefly,  it  not  wholly, 
magnetite;  forwhen  carefully  detached  by 
a  sharp  needle  from  an  uncovered  section  ' 
It  is  found  to  be  strongly  magnetic.  The 
second  usaally  inner  substance  of  the  ring  is  of  a  grayish  or  reddish 
brown  color  and  is  generally  flbrons  in  structure.  Schraaf  studied  the 
fibrous  substance  enveloping  the  garnets  in  the  serpentine  of  Kremze, 
Bohemia,  and  named  it  kelyphite.  The  investigations  of  Lasaulx  have 
shown  that  in  some  cases'the  border  instead  of  being  a  single  mineral  is  a 
mixture  of  several  minerals,  chiefly  of  the  pyroxene  and  amphibole 
gronps.  In  the  example  under  consideration  its  composition  appears  to 
be  exceptional.    Althongb  it  is  commonly  made  up  of  closely  compacted, 

iTschermak'sMittlieaangeii,  It,  1881,  pp.  189,  885. 

•  Beiti^ge  inr  Eanntniudea  AsMciations-kreises der  H»KDe8i»-SlliIc&te.  Zeitschrift 
«r  Krystallographle,  1882,  VI.,  pp.  381-388  ;  alio  Ueber  KelypblK.  Nenoa  Jahrbnch, 
13^4,  Bd.  II,  p.  21. 

■  Ueber  nmriiidangen  Ton  Oraoat.  SitEnngaberichte  der  niederrhein.  aeMllBoliafT> 
Boiui,  1882,  Jolt  3;  VrahandlDngen  des  nat  nrhiBtoritohen  Vei«iDB  der  prenssiBob«n 
RIwiDlftnde  and  Weatfklena.  Neonnnddreisaigeter  Jahrguig,  eweite  HfUfte,  Boim, 
1882,  p.  114. 
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very  fine,  parallel  fibers  perpendicular  to  the  outer  surface  of  the  garnet, 
it  frequently  appears  as  an  irregular,  non-fibrous  fringe  upon  the  inner 
side  of  the  border,  or  even  completely  inclosed  within  the  garnet,  where 
it  is  usually  of  a  deep  brown  color.  Generally  it  is  distinctly  doubly 
refracting,  and  when  finely  fibrous  is  sometimes  strongly  colored  red  and 
green  between  crossed  nicols.  The  non-fibrous  form  of  the  substance, 
although  deeply  colored,  is  isotropic  and  consequently  not  dichroic,  but 
when  fibrous  the  absorption  parallel  to  the  fibers  is  occasionally  almost 
complete.  On  account  of  the  fineness  of  the  fibers  and  the  density  of 
their  aggregation  it  is  not  possible  to  determine  the  angle  of  extinction 
with  great  precision ;  nevertheless  if  the  extinction  is  not  parallel  the 
angle  is  very  small  indeed.  Although  many  of  these  borders  have  been 
studied  about  the  pyrope  in  the  peridotite  from  Keotucky,  I  have  not 
been  able  to  discover  convincing  evidence  of  the  presence  of  either 
pyroxene  or  hornblende;  on  the  contrary,  the  evidence  clearly  indicates 
that  the  mineral  belongs  to  the  mica  group.  This  conclusion  is  com- 
pletely demonstrated  by  a  border,  part  of  which  is  represented  in  Fig.  7. 


Fio.  7.  Part  of  a  border  aboat  a  grain  of  pyrope,  magoifled  80  diameters. 

In  this  case,  although  the  border  is  not  so  prominently  marked  about 
the  whole  circumference  of  the  garnet  (5  millimeters  in  diameter)  as  that 
represented  in  Fig.  6,  yet  there  are  narrow  places  along  the  border 
where  it  is  distinctly  fibrous  and  grades  directly  into  that  represented 
in  Fig.  7  in  such  a  way  as  to  show  that  both  are  of  the  same  substance. 
The  uniaxial,  negative,  strongly  dichroic  foliated  mineral  numbered  2 

'(370) 
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in  Fig.  7  is  nndoubtedly  biotite.  It  extends  far  into  the  garnet  along 
fissures  and  contains  besides  magnetite  small  triangular  and  quadratic 
sections  as  well  as  irregular  grains  of  a  yellowish  brown  isotropic  min- 
eral, which  in  all  probability  is  picotite.  The  first  sight  suggests  that 
this  deep  browu  mineral  is  hornblende,  but  the  absence  of  all  pleochroic 
phenomena  and  its  regular  octahedral  form  clearly  indicate  that  it 
cannot  belong  to  the  amphibole  group.  One  small  pseudomorph  after 
garnet  deserves  special  mention,  in  that  the  whole  of  the  middle  portion 
is  composed  oi  picotite,  which  is  surrounded  by  a  broad  border  of  mag- 
netite. In  the  msyority  of  cases,  especially  where  the  border  is  fibrous, 
the  fibers  are  in  direct  contact  with  the  clear  garnet,  but  in  the  section 
of  which  Fig.  7  represents  a  part,  where  the  biotite  and  picotite  are 
much  better  developed,  the  garnet  near  the  border  and  along  fissures 
is  clouded.  Besides  the  biotite  and  picotite  within  the  compass  of  the 
garnet's  border,  there  are  traces  of  calcite  and  a  clear  colorless  mineral, 
which,  on  account  of  its  strong  double  refraction  and  the  absence  of 
cleavage,  is  regarded  as  quartz.  It  is  interesting  to  note  that  the  quartz 
almost  always  occurs  in  immediate  contact  with  the  picotite. 

That  the  shell  frequently  found  about  the  garnets  in  peridotitic  rocks 
is  composed  in  most  cases  essentially  of  minerals  belonging  to  the  pyr- 
oxene and  amphibole  groups  has  been  demonstrated  by  a  number  of 
observers,  but  as  far  as  I  am  aware  the  occurrence  of  biotite  in  this 
connection  is  here  noted  for  the  first  time. 

It  is  evident,  from  the  facts  represented  in  Figs.  6  and  7,  as  already 
suggested  by  Lasaulx  and  Bosenbusch,^  that  the  pyrogenic  origin  of 
the  shell  \)f  iron-magnesian  silicates  frequently  enveloping  the  garnet 
is  generally  untenable.  The  manner  in  which  the  enveloping  substance 
is  sometimes  included  in  the  garnet  and  penetrates  the  garnet  along 
fissures  clearly  demonstrates  its  secondary  origin. 

The  pyrope,  from  Kentucky,  was  carefully  analyzed  by  T.  M.  Ohatard, 
with  the  results  given  in  the  table  of  analyses,  page  24.  It  was  im- 
practicable to  obtain  suificient  of  the  border  for  chemical  examination. 
The  position  of  the  pyrope  in  the  series  denoting  the  order  of  crystal- 
lization is  between  enstatite,  a  serpeutiuous  pseudomorph  of  which  it 
includes,  and  olivine.  Its  relation  to  the  primary  biotite  is  not  easily 
determined,  from  the  fact  that  where  the  two  minerals  are  found  to- 
gether the  biotite  is  always  a  secondary  product. 

Umenite  is  a  common  and  uniformly  distributed  constituent  of  the 
Kentucky  peridotite.  It  is  plainly  visible  in  the  freshly  fractured  rock, 
where  it  appears  in  the  form  of  brilliant  black  grains,  varying  in  size 
from  1  millimeter  to  15  millimeters  in  diameter.  Although  subject 
to  considerable  alteration  it  frequently    withstands    meteoric  iufiu- 


^H.  RoBenboscli :   Mlkroskopische  Physiographie  der  petrographisch  wicbtigen 
Hineralien.    Zweite  gUnzlich  umgearbeitete  Auflage,  1885,  p.  269. 
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enoes  with  remarkable  persistence,  appearing  abundantly  with  the  gar- 
net in  the  soil  resulting  from  the  disintegration  of  the  peridotite.  It  ia 
only  by  means  of  the  ilmenite  and  pyrope  in  the  soil,  as  indicated  upon 
the  map,  that  the  limits  of  the  dikes  can  be  approximately  determined. 
The  ilmenite  is  readily  distinguished  ftom  the  magnetite,  even  under 
the  microscope  in  reflected  light,  by  the  brilliant  luster  of  portions  of  its 
pitted  surface.  It  has  always  been  observed  in  large  grains  and  not  in 
the  form  of  fine,  spongy  particles  like  magnetite.  Under  the  microscope 
the  ilmenite  is  frequently  seen  surrounded,  penetrated,  and  even  com- 
pletely replaced  by  a  mixed  group  of  yellowish  and  black  grains  re- 
sulting from  its  alteration.  The  black  opaque  grains  are  magnetite  and 
the  yellowish  ones  probably  octahedrite.  The  specific  gravity  of  the 
ilmenite  is  4.453  and  a  chemical  analysis  of  it  is  given  in  the  table, 
page  24. 

Near  the  southern  end  of  the  eastern  dike,  at  a  point  indicated  upon 
the  map,  is  a  prehistoric  embankment  which  appears  to  have  been  the 
foundation  for  works  to  smelt  the  peridotite,  probably  on  account  of  the 
supposed  value  of  the  bright  ilmenite  it  contains. 

Magnetite  is  abundantly  distributed  throughout  the  whole  rock.  It 
rarely  occurs  in  the  form  of  well  developed  octahedrons,  but  appears  gen- 
erally in  irregular,  spongy  grains  a  small  fraction  of  a  millimeter  in  di- 
ameter. The  magnetite  results  chiefiy  f^om  the  alteration  of  the  oliviue 
and  ilmenite,  and  is  therefore  rarely,  if  ever,  observed  as  veritable  in* 
elusions  in  the  primary  minerals. 

The  particles  picked  out  of  the  rock  powder  by  the  magnet  were 
treated  to  an  acidulated  solution  of  sulphate  of  copper  in  water,  and 
after  their  removal  examination  under  the  microscope  showed  that  many 
of  the  grains  were  coated  with  copper,  indicating  that  some  of  the  iron 
was  present  in  the  peridotite  in  a  native  state. 

Abundantly  scattered  among  the  other  secondary  products  in  the 
serpentinous  network  enveloping  the  remnants  of  olivine  are  yellowish 
clouded  grains  ranging  in  size  from  .004  to  .06  millimeters  in  diameter. 
The  intensity  of  the  yellowish  color  varies  considerably,  with  a  strong 
inclination  towards  brown.  Its  index  of  refraction  is  very  high,  causing 
it  to  rise  above  the  neighboring  minerals,  but  its  low  grade  of  translu- 
cency  scarcely  more  than  allows  the  observer  to  discover  that  the  min- 
eral is  distinctly  doubly  refracting  without  determining  certainly  its  de- 
gree. The  relation  of  this  mineral  to  the  ilmenite  clearly  indicates  that 
it  results  from  the  alteration  of  the  latter  and  at  once  suggests  that  it  is 
a  mineral  with  much  titanium,  probably  titanite  or  one  of  the  forms  of 
titanic  oxide.  This  is  clearly  demonstrated  by  its  chemical  reactions. 
With  a  very  sharp  steel  point  a  number  of  these  grains  were  removed 
from  an  uncovered  section.  In  the  same  way  a  small  particle  of  ilmenite 
about  half  replaced  by  yellow  grains  adhering  to  it  was  isolated.  In 
both  cases  the  material  was  dissolved  in  fused  EHSO4,  and  when  the 
j!>rodnct  was  moistened  with  a  solution  of  H2O2  it  turned  distinctly  yel- 
indicatiDg  the  presence  of  titanium.    Th^  gta\TL^  «bT^  compact  and 
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generally  spherical,  or  at  most  uot  more  than  twice  as  long  as  thick. 
Not  infireqaently  one  discovers  bounding  planes  to  these  grains  in  the 
sections  that  are  straight  and  sharply  defined,  indicating  crystallographic 
form.  Such  cases  are  generally  accompanied  by  a  higher  degree  of  trans- 
parency and  are  triangular,  square,  or  diamond  shaped.  When  dia- 
mondshaped  the  grains  are  most  strongly  doubly  refracting  and  extinc- 
tion takes  place  parallel  to  the  longest  diagonal.  No  trace  of  cleavage 
could  be  discovered,  nor  could  the  system  of  crystallization  be  deter- 
mined with  certainty,  but  the  facts  mentioned  render  it  highly  prob- 
able that  the  mineral  is  octahedrite.  The  occurrence  of  octahedrite  as 
an  alteration  product  of  ilmenite  was  observed  by  the  author  several 
years  ago  in  **Schalstein^  from  Hof  in  the  Fichtelgebirge,  Germany.^ 
Cohen  and  Bosenbusch,*  had  previously  called  attention  to  the  same 
phenomenon  in  other  localities. 

Under  the  microscope  the  rock  is  seen  to  contain  an  abundance  of 
carbonate  irregularly  distributed  among  the  secondary  minerals.  It  is 
plainly  a  product  of  alteration,  chiefly  of  the  olivine.  It  is  not  affected 
by  warm  acetic  acid,  but  effervesces  vigorously  in  ordinary  hydrochloric 
acid.  After  the  calcium  has  been  removed  from  the  solution  sodium 
phosphate  yields  an  abundant  crystalline  precipitate,  showing  the  pres- 
ence of  magnesia  and  demonstrating  that  the  carbonate  is  dolomite.  It 
rarely  accumulates  in  nodules  as  large  as  a  hazel  nut  aod  only  at  points 
where  the  rock  is  highly  altered.  The  high  percentage  of  lime  and  car- 
bonic acid  present  in  the  peridotite,  as  shown  by  chemical  analysis  No. 
4,  in  the  table,  page  24,  indicates  that  there  is  about  14  per  cent,  of  dolo- 
mite present  and  that  the  carbonate  of  lime  largely  predominates  in  its 
composition.  In  some  cases,  as  noted  by  Dr.  M.  E.  Wadsworth^  and 
Prof.  B.  D.  Irving,^  peridotite  is  almost  completely  replaced  by  dolo- 
mite resulting  from  its  alteration. 

Next  to  olivine,  serpentine  is  the  most  important  mineral  of  the  rock, 
and  it  occurs  in  two  forms :  first  in  the  form  of  small  green  scales, 
which,  with  dolomite,  magnetite,  ilmenite,  and  octahedrite,  compose  the 
network  in  which  the  remaining  olivine  is  inclosed  ^  frequently,  how- 
ever, the  olivine  has  entirely  disappeared,  and  its  place  in  the  meshes  is 
represented  by  yellowish  serpentine,  quite  unlike  the  first  in  its  color 
and  inclusions.  The  first  form  is  bright  green  of  varying  intensity,  but 
rarely  pleochroic,  and  it  has  weak  double  refraction,  yielding  between 
crossed  nicols  a  peculiar  bluish  aggregate  polarization.  Its  appearance 
under  the  microscope  is  like  that  of  chlorite,  but,  when  isolated  and 
treated  with  sulphuric  acid  and  csesium  chloride,  it  did  not  show  the 
presence  of  alumina. 

1  Anatas  als  Umwandlangsprodaot  von  Titanit  in  Blotitamphibolgranit  der  Troas. 
Neiies  Jalirboob,  YoL  I,  1883,  p.  187. 

^  H.  Roseabnsch:  Mikroskopiacbe  Physiograpbie  der  petrograpbiscb  wiobtigen 
Minerallen.     Band  II,  p.  336 ;  also,  Zweite  Aaflage,  Band  I,  p.  332. 

•>  Litbological  stadies:  Memoirs  of  tbe  Museam  of  Comparative  Lqo\o^»  Qi^\xv> 
bridge,  Mass.,  Vol.  XI,  Part  I,  p.  139. 

*Fift;b  Aanaal  Report  United  States  Geological  Survey,  l^a-'?i\,  \).  "iVl . 
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Strongly  contrasted  with  the  green  foliated  serpentine  is  the  yellowish 
iibrons  form  which  with  dolomite  fills  the  meshes.  It  is  often  distinctly 
flbronSy  and  sometimes  l)etween  the  fibers  are  small*  radial  aggregates 
which  show  a  distinct  cross  between  opposed  nicols.  The  fibers  are 
sometimes  distinctly  dichroic ;  the  ray  oscillating  parallel  to  the  longest 
axis  is  yellow  and  perpendicular  to  it  pale  greenish,  bnt  generally  it  is 
jiot  perceptibly  dichroic  This  form  of  serpentine,  althoagh  free  from 
the  larger  inclusions  so  common  in  the  other,  contains  great  numbers  of 
small  black  grains  not  more  than  .002  of  a  millimeter  in  diameter.  These 
Uack  grains  are  probably  the  magnetite  secreted  in  a  very  fine  form  in 
the  process  of  serpentinization,  for  this  serpentine  is  slightly  magnetic- 

RELATIONS  AND  OBIOIN  OF  THE  PEBIDOTITB. 

The  relation  of  the  peridotite  to  the  carboniferous  sandstones  and 
shales  is  of  paramount  importance  in  determining  its  age  and  origin. 
Although  it  has  been  repeatedly  spoken  of  as  a  dike  the  evidence  has  not 
yet  been  fully  presented  to  establish  its  eruptive  character.  Ck>ncern- 
ing  the  relation  of  the  peridotite  to  its  associated  rocks  only  two 
hypotlleses  are  worthy  of  consideration:  (1)  the  peridotite  may  be 
older  than  the  carboniferous  strata  and  may  have  formed  on  the  floor 
of  the  sea  a  peak  about  which  the  horizontal  strata  were  deposited; 
(2)  the  peridotite  may  have  been  erupted  through  the  carboniferous 
strata.  If  the  first  hypothesis  is  c(HTect  we  would  expect  to  find  the 
adjacent  sandstone  composed  largely  of  detritus  derived  from  the  peri- 
dotite and  to  exhibit  no  evidence  of  contact  metamorphism.  On  the 
other  hand,  if  the  second  hypothesis  is  true,  there  would  not  necessarily 
be  a  correspondence  in  the  composition  of  the  neighboring  rocks,  and 
under  favorable  conditions  the  sedimentary  deposits  would  be  meta- 
morphosed near  their  contact  with  the  eruptive. 

The  rocks  ot  the  neighborhood  are  so  disintegrated  and  covered  with 
soil  that  notwithstanding  our  careful  search  we  were  unable  to  discover 
an  exposure  of  the  junction  between  the  two  rocks.  Nevertheless  suf- 
ficient evidence  has  been  collected  to  definitely  settle  the  problem  under 
consideration.  Very  near  an  outcrop  of  the  peridotite  at  locality  1  oc- 
curs a  calcareous  sandstone  of  which  mineralogical  and  chemical  an* 
alyses  have  been  made.  It  is  composed  of  quartz  with  a  smaller  pro- 
portion of  triclinic  feldspar,  bent  scales  of  muscovite,  and  biotite,  all  of 
which  are  cemented  by  carbonate  of  lime.  The  quartz  grains  are  dis- 
tinctly subangular  and  not  infrequently  contain  minute  needles  of 
rutile.  The  sandstone  is  conspicuously  unlike  the  adjacent  peridotite 
in  its  comi>ositiou  and  clearly  indicates  that  the  peridotite  was  not  in 
its  present  position  at  the  time  the  sandstone  was  deposited.  This  dif- 
ference is  further  emphasized  by  the  chemical  analysis,  No.  7,  page  24. 
When  it  is  compared  with  the  analysis  of  the  peridotite  (No.  4)  from 
the  same  locality  the  dissimilarity  is  so  prominent  as  to  dispel  at  once 
the  thought  that  they  may  be  genetically  connected. 

This  discordance  in  the  composition  of  the  two  rocks  stimulated  the 
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hope  of  discovering  evidence  of  contact  metamorphism,  and  in  this  we 
were  not  disappointed,  for  at  locality  3  hardened  sbale  was  foand  near 
tbe  peridotite  under  sach  circumstances  that  its  induration  is  certainly 
attributable  to  tbe  influence  of  the  eruptive  mass.  The  effects  produced 
by  the  peridotite  upon  the  adjacent  sedimentary  rocks  may  be  consid- 
ered first  and  subsequently  those  experienced  by  the  peridotite  itself 
near  the  contact.  For  convenience  the  shale  may  be  regarded  as  made 
up  of  two  clflsses.  of  constituents,  (1)  the  grains  of  sand  and  (2)  the  ma- 
trix or  cement  in  which  they  are  embedded.  Among  about  a  dozen 
specimens  c  f  the  shale  examined  the  relative  proportions  of  the  sand 
grains  and  cement  vary  greatly.  In  one  case  the  former  predominates, 
80  that  the  rock  may  be  regarded  as  a  fine-grained  sandstone,  but  gen- 
erally the  earthy  cement  is  in  excess  and  frequently  forms  almost  the 
whole  mass.  Some  of  the  clear  grains  are  quartz,  but  most  of  them  are 
of  orthodase,  microcline,  or  plagioclase  feldspar.  The  matrix  varies 
greatly,  consisting  chiefiy  where  least  altered  of  a  heterogeneous  clayey 
substance  containing  a  multitude  of  microlites,^  numerous  small  scales 
of  mica,  and  particles  of  black  organic  pigment  with  a  trace  of  magnetite. 
The  metamorphio  influence  of  the  peridotite  is  clearly  traceable  in  the 
distribntion  of  the  pigment  and  the  development  of  a  crystalline  struct- 
ure in  the  cement.  The  latter  becomes  more  and  more  micaceous  in 
character  as  the  metamorphism  increases,  and  the  parallel  arrangement 
of  the  folisB  renders  the  rock  more^asily  split,  sometipies  even  fissile  in 
one  direction.  The  distribution  of  the  pigment  is  generally  uniform 
throughout  the  mass,  but  in  a  portion  of  one  of  the  sections  it  is  clearly 
aggregated  into  groups,  giving  the  section  a  mottled  appearance,  and 
approaches  in  character  the  so-called  Knotenthouscbiefer  so  admirably 
investigated  by  £osenbusch.'  The  name  spilosite  has  been  used  to 
designate  such  rocks  in  the  contact  zone  about  basic  eruptive  masses. 
The  dark  spots  (Knoten)  are  not  visible  in  the  hand  specimens,  but  may 
be  plainly  seen  in  the  section  and  appear  to  be  completely  Lsotropic 
The  lighter  colored  areas  among  these  show  between  crossed  nicols 
doubly  refracting  grains,  which  are  chiefly  mica  associated  with  feld- 
spar. Chemical  analysis  No.  9  was  made  of  a  fragment  of  indurated 
shale  in  which  the  microscopic  spots  were  most  distinctly  observed. 
Analysis  No.  10  is  of  a  fragment  of  shale  included  in  tbe  peridotite. 
The  size  and  abundance  of  the  mica  scales  in  the  altered  sbale  is  in  a 
general  way  proportional  to  the  intensity  of  the  metamorphic  influence. 
A  person  is  frequently  surprised,  however,  to  find  small  fragments  of 
shale,  less  than  a  centimeter  in  diameter,  completely  enveloped  by  the 
X)eridotite  and  yet  not' extremely  metamorphosed.  In  many  cases  tbe 
small  fragments  are  almost  completely  altered  to  micaceous  minerals, 

^  These  microlites  correspond  exactly  to  those  so  frequently  observeil  in  clay-slate 
and  in  a  number  of  cases  have  been  demoustratiMl  to  be  ratile.  H.  Rosenbasch: 
Mikroekopische  Physiographie  der  petrographisoh  wichtigen  Mineralien.  Zweite 
Anflage^  p.  304. 

'  Die  Steiger  Schiefer  and  ihre  Contact  zone  an  dem  Granititen  von  Barr-Andlaa 
and  Hohxrald. 
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which  appear  to  be  of  several  sorts.  A  portion  is  completely  color- 
less and  when  examined  in  converging  light  between  crossed  nicols 
is  foond  to  be  distinctly  biaxial,  bat  the  hyperbolsB  when  farthest  apart 
do  not  qnite  reach  the  oater  limit  of  the  field  of  vision.  It  is  strongly 
donbly  refracting,  with  the  peculiar  sheen  commonly  observed  in  mus- 
covite.  The  other  mica  is  more  or  less  distinctly  colored,  being  greenish 
or  yellowish  bordering  npon  brown,  and  is  distinctly  dichroic  light  to 
dark  yellowish  green.  It  occurs  in  irregular  scales  and  fibers,  with 
strong  double  refraction,  and  appears  to  be  nearly  or  altogether  uniax- 
ial. The  colorless  mica  is  frequently  continuous  with  that  which  con- 
tains considerable  coloring  matter,  and  I  have  frequently  been  in  doubt 
as  to  the  presence  of  more  than  one  kind  of  mica. 

The  included  fragments  of  shale  are  always  surrounded  by  a  border 
of  colorless  mica  whose  scales  are  intricately  intermingled.  Frequently, 
although  not  generally,  the  foli®  have  their  greatest  dimension  at  right 
angles  to  the  surface  of  the  inclusion.  This  border  varies  in  width,  but 
is  usually  about  3  millimeters  in  thickness  and  composed  almost  exclu- 
sively of  well  developed  irregular  scales  of  colorless  mica.  The  same 
mineral  is  distributed  quite  abundantly  in  the  enveloped  firagment.- 
It  appears  also  sparingly  scattered  for  a  short  distance  away  upon  the 
outside  of  the  border  among  the  serpentine  and  other  alteration  prod- 
ucts of  the  peridotite.  The  brownish  colored  mica,  which  is  so  common 
in  the  altered  shale  acyacent  to  the  peridotite,  appears  very  different 
in  the  included  fragments,  where  a  higher  degree  of  alteration  has  taken 
place.  It  here  appears  to  be  a  gray,  clouded,  translucent  mass,  which, 
between  crossed  nicols,  is  seen  to  be  made  up  of  scales  of  mica.  This 
advanced  stage  of  metamorphism  in  the  included  fragments  is  accom- 
panied by  the  appearance  of  very  interesting  bodies  which  have  not 
been  definitely  determined.  They  are  pale  yellowish  in  color,  translu- 
cent to  almost  transparent,  and  perfectly  isotropic.  The  diameter  of 
these  little  balls  is  generally  about  .02  of  a  millimeter  and  they  are  re- 
markably uniform  in  size  and  shape.  In  general  appearance  they  closely 
resemble  the  small  translucent  grains  of  octahedrite  in  the  adjacent 
peridotite,  but  they  cannot  be  octahedrite,  for  they  are  soluble  in  hydro- 
chloric acid.  When  a  flake  of  mica  containing  them  is  heated  to  a 
bright  red  heat  they  become  less  translucent  and  somewhat  more  earthy 
in  appearance,  but  the  change  is  not  prominent.  In  the  small  frag- 
ments the  globules  are  usually  numerous,  scattered  throughout  the 
scales  of  clouded  mica,  but  most  abundant  and  less  regular  in  form 
near  the  border  of  the  inclusion,  where  they  sometimes  produce  a  quite 
distinct  band  just  inside  the  one  of  colorless  mica.  In  the  fragments 
where  this  peculiar  isotropic  substance  is  most  abundant  there  is  but 
little  well  developed  mica.  Traces  of  other  unimportant  minerals  occur 
under  such  circumstances  as  to  render  their  determination  a  matter  of 
great  difficulty.  Barely  among  the  scales  of  clear  mica  in  the  border 
^hich  alwajB  ^rarronnds  included  fragments  of  shale,  may  be  observed 

^STBted  particles  of  a  deep  brown  mineral,  wMciViixi  otOiVvi^T^  tx^us- 
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mitted  light  resembles  hornblende,  bat  is  not  pleochroic,  has  weak 
doable  redaction  and  an  extinction  angle  of  about  37  degrees.  The 
recent  discoveiy  that  the  Kimberley  and  other  diamond  mines  of  Soath 
Africa  are  upon  volcanic  necks  of  peridotite  penetrating  carbonaceons 
shale^  attaches  much  interest  to  the  peridotite  of  Kentucky,  \i-here  sim- 
ili^r  geologic  relations  exist.  Diamonds  have  not  yet  been  discovered 
in  Kentucky.  The  sh%le  in  the  immediate  vicinity  of  the  dikes  does  not 
appear  to  be  sufficiently  rich  in  carbonaceous  matter  to  excite  much  en- 
thusiasm.* 

An  endomorphic  effect  experienced  by  the  peridotite  near  its  contact 
with  the  sedimentary  rocks  is  apparently  discernible  in  a  structure 
which  may  be  regarded  as  variolitic  in  character.  The  peridotite  at 
this  point  contains  many  fragments  of  included  shale,  but  in  the  hand 
4Bpecimen8  one  sees  nothing  resembliug  a  variolite.  In  a  few  of  the  thin 
sections,  however,  here  and  there  among  the  olivine  and  its  alteration 
products  may  be  observed  light  brown,  translucent,  homogeneous,  com- 
pact bodies  similar  in  general  appearance  to  the  isolated  sphaerolites 
which  sometimes  occur  in  fresh  andesitic  rocks.  Lighter  colored  vein- 
lets  run  through  them  and  between  crossed  nicols  they  are  seen  to  be 
radially  fibrous  and  show  a  distinct  but  not  sharply  defined  black  cross. 
The  quadrants  are  rather  intensely  but  not  brilliantly  red,  yellow,  or 
green,  with  a  peculiar  fuzzy  appearance.  These  varioles  are  seen  only 
in  sections  containing  inclusions  of  shale  and  appear  to  be  most  abun- 
dant in  their  neighborhood ;  but,  on  the  other  hand,  small  included 
fragments  of  shale  are  frequently  observed  without  any  such  structure 
near  them. 

The  fiacts  which  indicate  the  relation  of  the  peridotite  to  the  adjacent 
<»rboniferous  strata  may  be  briefly  recapitulated.  In  miueralogical 
and  chemical  composition  the  two  rocks  are  very  unlike.  The  carbon- 
iferous shales  near  their  juuction  with  the  peridotite  are  greatly  in- 
durated by  the  development  of  a  crystalline  structure,  which  as  it 
augments  obliterates  the  sedimentary  character  and  gives  rise  to  a 
schistose  arrangement  of  the  particles.  Fragments  of  shale  of  various 
sizes  are  included  in  the  peridotite  and  have  been  greatly  metamor- 
phosed. On  the  other  hand,  the  peridotite  near  its  junction  with  the 
sedimentary  rocks,  owing  to  their  influence  upon  it,  has  locally  devel- 
oped a  variolitic  structure  such  as  has  been  not  infrequently  observed 
in  diabases  and  other  eruptive  rocks  near  their  contact  with  older  for- 
mations. These  facts  demonstrate  beyond  a  doubt  that  the  peridotite 
is  a  truly  eruptive  rock  which  has  been  forced  up  through  the  carbon- 
iferous strata.  Peridotites  are  common  rocks,  but  they  are  almost 
always  associated  with  others  of  a  highly  crystalline  character  in  regions 
of  great  disturbance,  and  their  origin  cannot  be  clearly  demonstrated. 
By  many  authors  they  are  regarded  as  eruptive,  but  by  others  they  are 
•considered  to  belong  to  sedimentary  formations.    In  one  of  the  very 

»  H.  CarviU  Lewis:  The  Genesii  of  the  Diamond,  Soleivco,  VoV.^\\\,^.^Vb» 
•Tba  OeneaiB  of  tbo  Diamond,  Science,  Vol.  VIII,  p.  39^,  OcXoVi^t  S!a,  \$afe» 
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latest  vorks  on  litfaologry^  they  are  iacladed  among  "katogene"  rocks, 
i.  e.,  rocks  which,  like  sandstone,  are  formed  of  material  deposited  at  a 
level  lower  thau  its  sonroe.  In  this  coantry  the  danite  associated  with 
the  corandnm  deposits  of  Korth  Carolina  has  been  regarded  by  Dr.  A.  A. 
jDlien,'who8tndied  the  rocksboth  in  the  field  and  nnder  the  microscope, 
as  a  deposit  of  olivine  sand  derived  from  an  earlier  emptire  mass.  Dr. 
M.  E.  Wadsworth,'  after  a  cntieal  examination,  considered  them  to  be 
empdve,  and  my  investigations  of  the  same  rocks  convince  me  that 
Dr.  Wadsworth's  conclnsion  is  correct.  The  dunite  of  Korth  Carolina 
and  the  one  in  Elliott  Ooanty,  Eentacky,  are  essentially  the  same  in 
stmctare  and  composition,  and  I  believe  are  also  of  the  same  eruptive 
origin.  Certain  it  is  that  the  one  in  Kentacky  is  emptive,  and  all  the 
essential  phenomena  in  Xorth  Carolina  point  in  the  same  direction.  It 
is  important  to  note,  however,  a  marked  difference  in  the  character  of 
the  alteration  in  the  two  cases.  In  the  dnnite  of  Korth  Carolina,  as 
well  as  in  a  nnmber  of  undescribed  peridotites  of  Xorthem  California 
and  elsewhere,*  which  like  it  are  foand  associated  with  highly  contorted 
and  metamoipbosed  strata,  the  olivine  freqnently  alters  to  hornblende. 
In  Kentncky,  however,  where  regional  metamorpbis  m  is  entirely  absent, 
no  BDoh  alteration  has  been  observed. 

CHEMICAL  GOMPOSITIOy. 

The  following  table  presents  in  a  concise  form  all  of  the  chemical 
analyses  which  have  been  made  of  the  peridotite,  its  constitnenta,  and 
associated  rocks : 
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Analysis  liTo.  5  of  the  peridodte  was  made  by  A.  M.  Peter  and  J.  H. 
Eastlein  the  chemical  laboratory  of  the  Geological  Sarrey  of  Kentucky. 
All  the  other  analyBes  vere  made  by  T.  M.  Gbatard  in  the  chemical 
laboratory  of  the  ITnited  States  Geological  Sarvey. 

Althongh  the  f^reehest  samples  of  the  peridotite  were  selected  for 
analysis,  the  large  percentage  of  water  and  carbonic  acid  present  indi- 
catea  a  high  degree  of  alteration.  As  compared  with  the  analyses  of 
other  typical  peridodtes  the  amount  of  silica  appears  very  low,  but  this 
does  not  necessarily  indicate  that  any  of  the  silica  has  been  removed, 
for  its  apparent  decrease  is  dae,  at  least  in  large  part,  to  the  addition 
of  water  and  carbonic  acid  fh>m  external  sources. 


At  the  localities  marked  4  and  5  upon  the  map  loose  fragments  of 
highly  feldspathtc  rocks  occur  upon  the  surface,  mixed  with  the  soil  con- 
taining garnets  and  ilmenite.  The  fragments  found  at  the  two  places, 
althoDgh  somewhat  dissimilar,  are  holocrystalline  and  granitic  in 
stmctnre,  altogether  unlike  the  adjacent  sandstones  and  shales,  and  it 
is  evident  that  they  belong  to  the  eruptive  mass.  They  deserve  special 
attention  and  will  be  noticed  separately,  beginning  with  those  found 
opou  the  hillside  at  locality  i,  a  short  distance  northwest  of  the  site  of 
the  old  furnace.  Several  fragments  were  found  at  this  place,  scattered 
along  the  border  of  the  dike  for  a  distance  of  50  yards.  The  hand 
specimen  looks  very  like  a  rotten  syenite  and  is  easily  crumbled  be- 
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tween  the  fingers.  NotwitbstaudiDg  the  fact  of  its  feeble  cohesion  the 
feldspar,  which  is  by  far  the  most  prominent  mineral  of  the  rock,  exhib- 
its numerous  bright  cleavage  and  crystal  faces.  Dark  colored  miner- 
als are  not  conspicuous.  Among  these,  ilmenite  may  be  easily  recog- 
nized by  its  jet  black  color  and  brilliant  luster.  Under  the  microscope 
the  rock  is  seen  to  be  composed  chiefly  of  feldspar.  Considerable 
quartz  and  ilmenite  are  present,  with  a  trace  of  hornblende,  sphene,  and 
apatite.  The  feldspar  is  of  two  sorts,  orthoclase  and  plagioclase,  readily 
distinguished  by  their  optical  characters.  They  are  generally  grown 
together  as  perthite  and  may  be  completely  irregular  in  their  interlock- 
ings,  but  frequently  the  parallel  sheets  of  each,  varying  from  .005  to 
•01  millimeter  in  thickness,  join  in  the  plane  of  the  orthopinacoid  and 
are  quite  regular  in  outline.  The  orthoclase  is  somewhat  clouded  by 
kaolinization,  but  the  plagioclase  is  colorless  and  transparent,  with 
bright  polarization  between  crossed  nicols.  The  polysynthetic  twinning 
which  characterizes  the  plagioclase  is  generally  parallel  to  the  clino- 
pinacoid,  but  frequently  associated  with  these  lamellae  are  others  par- 
allel to  the  orthopinacoid.  Cleavage  lamellae  of  the  i>lagiocla8e  paral- 
lel to  the  base  have  a  very  small  angle  (2  degrees)  of  extinction. 
This  fact  indicates  that  the  plagioclase  is  not  pure  albite,  but  has  a 
considerable  admixture  of  the  anorthite  molecule  and  is  probably  oliga 
dase.  This  conclusion  is  substantiated  by  a  test  with  hydroflnorsilicic 
acid,  which  shows  the  presence  of  both  calcium  and  sodium.  The  feld- 
spar, especially  the  perthitic  form,  contains  numerous  inclusions.  Be- 
sides apatite  and  ilmenite,  the  earlier  products  of  crystallization,  the 
feldspar  contains  numerous  acicular  groups  of  light  brown  scales,  whose 
character  could  not  be  definitely  determined.  The  scales  are  frequently 
hexagonal  in  form,  and  although  all  are  in  a  row  their  hexagonal  planes 
may  make  any  angle  with  the  longer  axis  of  the  group.  These  acicular 
groups  generally  lie  at  an  angle  of  about  45  or  90  degrees  to  the  plane 
of  the  perthitic  lamellse. 

Quartz  occurs  in  clear,  colorless  grains,  the  uniaxial  positive  charac- 
ter of  which  can  be  easily  demonstrated.  It  contains  occasional  liquid 
and  gas  inclusions,  but  none  of  the  kind  so  common  in  the  feldspar. 
Quartz  and  feldspar  are  each  included  in  the  other  and  must  have 
crystallized  synchronously.  The  green  dichroic  mineral  regarded  as 
hornblende  does  not  appear  with  well  defined  crystallographic  feat- 
ures. It  has  rather  strong  double  refraction,  but  the  angle  of  extinc- 
tion could  not  be  sharply  determined  in  the  absence  of  well  defined 
cleavage.  Chemical  analysis  !No.  6  in  the  table  is  of  this  feldspathic 
rock.  Its  mineralogical  and  chemical  constitution  indicates  that  it  be- 
longs rather  to  the  granites  than  to  the  syenites,  although  it  is  closely 
related  to  the  latter  group. 

The  other  specimen  of  feldspathic  rock  collected  near  the  eastern  end 
of  the  dike  at  locality  5  is  quite  unlike  the  one  just  described.  The  only 
fragment  found  in  this  case  is  very  solid  and  fresh  in  appearance  and 
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somewhat  gneissoid  in  stracture.  In  the  band  specimen  it  appears  to  be 
composed  cliiefly  of  feldspar  and  garnet  and  a  smaller  prop  ortion  of  a 
greenish  mineral,  bat  in  addition  to  these  the  microscope  reveals  the 
presence  of  small  quantities  of  quartz,  enstatite,  apatite,  and  other  ac- 
cessory minerals.  In  structure  it  is  holocrystalline  and  distinctly  gran- 
ular. Noneof  its  constituents,  excepting  the  minute  acicular  inclusions, 
has  a  well  defined  crystallographic  outline.  The  feldspar  is  plagioclase 
\dth  a  much  larger  angle  of  extinction  and  broader  twinning  lamellae 
than  the  oligoclase  of  the  other  fragment.  Orthoclase,  if  present  at  all, 
is  rare  and  does  not  appear  in  perthitic  grow  th  with  plagioclase.  Occa- 
sionally the  feldspar  is  bent  or  broken,  as  if  subjected  to  great  strain 
sinceits  crystallization.  Nearly  or  quite  a  third  of  the  rock  is  formed  of 
garnet,  which  to  the  unaided  eye  looks  very  like  the  pyrope  of  the  peri- 
dotite.  It  differs  from  the  latter,  however,  very  prominently  under  the 
microscope  in  containing  numerous  included  microlites.  These  minute 
acicular  crystals  are  of  a  yellowish  mineral  like  rutile,  but  between 
crossed  nicols  are  seen  to  be  brilliantly  doubly  refracting  with  inclined 
extinction.  The  angle  of  extinction  varies  from  0  degree  to  30  degrees, 
indicating  that  the  mineral  crystallizes  in  the  monoclinic  system.  Cross 
sections  of  the  small  crystals  have  a  rhombic  or  elliptical  outline.  Barely 
these  inclusions  are  arranged  irregularly,  but  generally  they  appear  to  be 
nearly  equally  distributed  in  three  sets.  The  longer  axes  of  the  crys- 
tals in  each  set  are  parallel,  but  the  longer  axes  of  the  different  sets 
make  an  angle  of  about  45  degrees  with  one  another.  Frequently  these 
minute  crystals  are  associated  with  cavities,  as  represented  in  the  an- 
nexed figure  8. 

The  first  example  looks  as  though  the  crystal  had  been  formed  by 
partly  filling  a  cavity,  of  which  a  represents  the  portion  remaining  un- 
occupied. In  the  second  example,  however,  the  cavity  e  is 
between  b  and  c,  which  are  optically  parallel,  indicating 
that  they  are  parts  of  the  same  crystal  and  that  the  cavity 
has  been  formed  by  dissolving  away  its  middle  portion. 
Although  these  inclusions  are  numerous  in  the  garnet 
they  are  even  more  abundant  in  the  green  mineral,  which 
has  not  been  definitely  determined.  It  has  almost  as 
high  an  index  of  refraction  as  garnet  and  is  strongly 
doubly  refracting.  It  is  plainly  biaxial,  with  extinction 
inclined  to  the  indistinct  cleavage.  The  quartz,  ensta-  mioroutes  and  oav 
tite,  apatite,  and  a  yellowish  brown  mineral  like  rutile  ***«•»>>  sa"^®^ 
present  nothing  worthy  of  special  mention.  The  structure  and  mmeral- 
ogical  composition  of  this  rock  fragment  closely  ally  it  to  the  granu- 
lites. 

The  presence  of  the  two  kinds  of  fragments  of  feldspathic  rocks  inter- 
mingled  with  the  soil  resulting  from  the  disintegration  of  the  perldotite 
may  be  explained  in  mauy  ways,  but  from  the  fact  that  the  dike  occurs 
in  nearly  horizontal,  unaltered,  stratified  rocks,  many  scores  of  miles 
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The  pnbllotttknw  of  the  United  Stfttee  Oeological  Sonrey  are  iuaed  in  aocordanoe  with  the  statute 
■ppnrred  ICareh  8, 1879,  which  deelazee  that— 

"  The  pobUeatlone  of  the  Oeotogical  Survey  shall  consist  of  the  annual  report  of  operations,  geological 
and  ^HWMH*^^^  maps  Illustrating  the  reaouxoes  and  olassifloation  of  the  lands,  and  reports  upon  general 
and  eoottomlo  geology  and  paleontology.  The  annual  report  of  operations  of  the  Geological  Surrey 
ahaU  aeoonpany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  Survey  shall  be  issued  In  uniAmn  quarto  aeries  If  deemed  necessary  by  the  Director,  but  other' 
wise  in  ordinary  octavos.  Three  thousand  eopies  of  each  shall  be  published  for  scientiflc  exchanges 
and  for  sale  at  the  price  of  publication ;  and  all  literaiy  and  cartographic  materials  received  in  exchange 
Shan  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organisation:  And  the 
money  resulting  ftom  the  sale  of  such  publications  shall  be  covered  into  the  Treasury  of  the  United 
Statoa." 

On  JTuly  7, 1882,  the  following  Joint  resolution,  referring  to  all  Oovemment  publications,  was  passed 
by  Congress: 

"That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be  printed, 
la  additfcwi  to  the  number  in  each  case  stated,  the  *  usual  number'  (1,800)  of  copies  for  binding  and 
diatxibntioa  among  those  entitied  to  receive  them." 

Except  in  those  cases  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
by  ^eelal  rssdntlon  of  Congress  or  has  been  ordered  by  the  Secretary  of  the  Interior,  this  Office  has 
no  eopies  for  gratuitous  distribution. 

ANNUAL  BEPORTS. 

Of  the  Annual  Beports  there  have  been  already  published : 

I.  First  Annual  Report  to  the  Hon.  Carl  Schnn,  by  Clarence  King.  1680.  8P,  79  pp.  1  map.— A 
pmliminaxy  report  deseribing  plan  of  organisation  and  publications. 

TL  Report  of  the  Director  of  the  United  States  Geological  Survey  for  1880-'81,  by  J.  W.  Powell. 
1888.    8^.    Iv,  588  pp.    61  pi.    1  map. 

in.  Third  Annual  Report  of  the  United  States  Geological  Survey,  1881-'83,  by  J.  W.  Powell.  1883. 
9P,    svlil,  664  pp.    67  pU  and  maps. 

IV.  Fourth  Annual  Report  ot  the  United  States  Geological  Survey,  1882-'88,  by  J.  W.  Powell.  1884. 
8^.    zzxil,  478  pp.    85  pi.  and  maps. 
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X.  Dinooerata.  A  Monograph  of  an  Extinct  Order  of  Gigantic  Mammals,  by  Othniel  Charles  Marsh. 
1885.    40.    zvlil,248pp.    66  L    66  pi.    Price  $2.70. 
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LETTER  OF  TRANSMITTAL 


Depabtment  of  the  Intebiob, 

United  States  Geolooioal  Survey, 
Washingtony  D.  0.,  June  8, 1886. 

Bnt:  I  have  the  honor  to  trausmit  herewith  for  publication  as  a 
Bulletin  of  the  Survey  a  paper  embodying  the  results  of  the  investiga- 
tious  of  Mr.  Warren  Upham,  assistant  geologist,  upon  the  upper 
beaches  and  deltas  of  the  extinct  Lake  Agassiz,  which,  in  glacial  times, 
occupied  the  basin  of  the  Eed  River  of  the  North. 

This  is  but  an  initial  contribution,  embracing  only  so  much  of  the 
data  gathered  as  from  their  degree  of  completeness  and  interest  warrant 
present  publication  as  a  record  of  results.  The  investigation  is  still  in 
progress,  and  the  general  discussion  of  data  and  the  eduction  of  con- 
clusions are  reserved  until  its  completion.  Meanwhile  the  great  mass 
of  carefully  determined  facts  here  recorded  will,  besides  their  inherent 
independent  value,  be  of  important  and  immediate  service  to  the  stu- 
dents of  other  extinct  and  shrunken  glacial  lakes. 

Very  respectfully, 

T.  C.  OHAMBERLIN, 

Oeologist  in  Charge  of  Olacial  Division. 
Hon.  J.  W.  Powell, 

Director  U.  8.  Geological  Survey j  Washington^  D.  C, 
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UPPER  BEACHES  AND  DELTAS  OF  UKE  AGASSIZ. 


By  Wabren  Uphajji. 


INTRODUCTION. 

That  part  of  the  extinct  Lake  Agassiz  which  lies  in  Minnesota,  so  far 
as  it  is  prairie,  was  explored  by  the  writer  in  1879  and  1881  in  connection 
with  the  Geological  and  Nataral  History  Sarvey  of  Minnesota,  the  re- 
sults of  which  are  partly  used  in  the  preparation  of  this  report  for  the 
purpose  of  giving  completeness  and  significance  to  the  observations 
obtained  in  the  survey  to  which  this  bulletin  more  especially  relates.^ 

Further  exploration  of  this  lake  was  begun  for  the  United  States 
Geological  Survey  by  the  writer,  with  Robert  H.  Young  as  assistant,  in 
1885,  mapping  the  upper  or  Herman  beaches  in  Dakota  from  Lake 
Traverse  to  the  international  boundary,  besides  portions  of  the  lower 
shore  lines,  with  exact  determinations  of  their  elevation  by  leveling. 
As  the  Herman  beaches  and  deltas  are  thus  surveyed  along  the  entire 
extent  of  Lake  Agassiz  in  the  United  States,  excepting  the  wooded 
region  of  Northern  Minnesota,  where  their  exact  survey  seems  imprac- 
ticable, they  are  made  the  subject  of  the  present  report,  reserving  the 
detailed  description  of  the  lower  beaches  and  the  inclosed  lacustrine 
area  until  their  exploration  within  the  United  States  is  finished,  for 
which  the  field  work  of  1886  will  probably  sulfice. 

Discussions  of  the  history  of  Lake  Agassiz  and  of  the  causes  that 
have  changed  the  relations  of  surfaces  of  level  here  are  mainly  deferred 
to  the  end  of  the  examination  of  the  whole  area  of  this  lake.  Obser- 
vations gathered  thus  completely  may  be  reasonably  expected  not  only 
to  add  much  to  our  knowledge  of  the  conditions  attending  the  glacial 

*  The  Geological  and  Natural  History  Sarvey  of  Minnesota,  Eighth  Annaal  Report 
(1679),  pp.  84  to  87,  containing  a  general  statement  of  the  extent  of  this  lake,  with 
notes  of  its  beaches  and  deltas  at  a  few  points,  and  proposing  for  it  the  name  Lake 
Agassiz ;  and  Eleventh  Annual  Report,  pp.  137  to  153,  describing  and  mapping  the 
Herman,  Norcross,  and  Campbell  beaches,  noting  the  decrease  in  the  northward 
ascent  of  the  lake  level  during  its  successive  stages,  and  attributing  these  changed 
levels  to  the  attraction  of  the  lake  by  gravitation  toward  the  diminishing  ice  sheet. 
This  work  in  Minnesota  was  done  under  the  direction  of  Prof.  N.  H.  Winchell,  State 
geologist,  with  the  assistance  in  1881  of  Horace  V.  Winchell  as  rodman  in  leveling. 
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period  and  the  recession  of  the  ice  sheet  bat  also  to  shed  needed  light 
on  the  nature  and  relations  of  the  earth's  crust  and  interior. 

The  glacial  Lake  Agassiz  is  confidently  beliered  to  have  been  formed 
in  the  basin  of  the  Red  River  of  the  North  and  of  Lake  Winnipeg  dar- 
ing the  final  melting  and  gradual  recession  of  the  ice  sheet.  It  thus 
belongs  to  the  closing  epoch  of  the  ice  age^  when  the  continental  glacier, 
subdued  by  a  more  temperate  dimate,  wai  yielding  its  ground  between 
Lake  Traverse  and  Hudson  Bay.  During  this  retreat  free  drainage 
from  the  melting  ice  could  not  take  place,  because  the  descent  of  the 
land  is  northward.  As  soon  as  the  border  of  the  ice  had  receded  be- 
yond the  watershed  dividing  the  basins  of  the  Minnesota  and  the  Red 
Rivers,  it  is  evident  that  a  lake,  fed  by  the  glacial  melting,  stood  at  the 
foot  of  the  ice  fields  and  extended  northward  as  they  withdrew  along 
the  Red  River  Valley  to  Lake  Winnipeg,  filling  this  valley  and  its 
branches  to  the  height  of  the  lowest  point  over  which  an  ouUet  ocmld 
be  found.  Until  the  ice  barrier  was  melted  upon  the  area  now  crossed 
by  the  Nelson  River,  thereby  draining  this  glacial  lake,  its  outlet  was 
along  the  present  course  of  the  Minnesota  River.  At  first  its  over- 
flow was  upon  the  nearly  level,  gently  undulating  surface  of  the  drift, 
about  1,100  feet  above  the  sea ;  but  in  process  of  time  this  cut  a  channel 
125  to  150  feet  deep  and  from  1  to  2  miles  wide,  in  which  lie  Trav- 
erse and  Big  Stone  Lakes,  respectively  970  and  962  feet  above  the  sea. 
From  this  outlet  the  plain  of  the  Red  River  Valley,  30  to  50  miles 
wide,  stretches  315  miles  north  to  Lake  Winnipeg,  which  is  710  feet 
above  the  sea.  Along  this  entire  distance  there  is  a  very  uniform  con- 
tinuous descent  of  a  little  less  than  one  foot  per  mile.  The  drift  de- 
posited by  the  ice  sheet  upon  this  area,  together  with  that  which  may 
have  been  dropped  by  floating  ice  borne  on  the  waters  of  the  lake,  and 
the  silt  brought  in  by  glacial  rivers  and  by  those  of  the  surrounding 
land,  were  here  received  in  a  lake,  shallow  near  its  mouth,  but  becoming 
gradually  deeper  northward.  Beyond  our  national  boundary  this  lake 
covered  a  large  area,  varying  from  100  to  200  miles  in  breadth  at  and 
west  of  Lake  Winnipeg,  and  its  total  length  appears  to  have  been  at 
least  600  miles.  Because  of  its  relation  to  'the  retreating  continental 
ice  sheet,  this  lake  has  been  named  in  memory  of  Prof.  Louis  Agassiz, 
the  first  promiueut  advocate  of  the  theory  that  the  drift  was  produced 
by  land  ice.* 

THE  UPPER  OB  HBBMAN  BEACH. 

Along  nearly  the  whole  of  the  upper  shore  line  of  Lake  Agassiz,  as 
traced  in  Minnesota  and  Dakota,  there  exists  a  remarkable  deposit  of 
beach  gravel  and  sand,  forming  a  continuous,  smoothly  rounded  ridge« 

such  as  is  found  along  any  part  of  the  shores  of  the  ocean  or  of  our  great 

■  —  - 

^  The  Geological  and  Natural  History  Survey  of  Minnesota,  Eighth  Annual  Beport, 
for  the  year  1879,  pp.  84, 85. 
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lakes  where  the  laud  sinks  in  a  gently  descending  slope  beneath  the 
water  level.  Usually  the  beach  of  Lake  Agassiz  (Fig.  1)  is  a  ridge  3  to  10 
feet  above  the  land  next  to  it  on  the  side  away  from  the  lake  and  10  to 
20  fidet  above  the  land  adjoining  it  on  the  side  where  the  lake  lay.  In 
breadth  this  beach  ridge  varies  from  10  to  26  or  30  rods.  It  is  thus  a 
broad  wavelike  swells  with  a  smooth,  gracefully  rounded  surface. 


Anm.  of  Lak*  AfMsiz. 

TIM.  MJtNtLV  tmOOWCK 
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MAM.   MO  rUT  TO  ONt  IHOM. 

Flo.  1.  Ty]>iQBl  Mction  aerass  a  beach  xldga  of  Lftko  Agaasls. 

Such  being  a  section  across  the  beachi  It  Is  to  be  remembered  that 
this  ridge  extends  along  the  whole  distance  that  has  been  explored| 
with  only  here  and  there  gaps  where  it  has  been  cut  through  by  streams 
and  rare  Intervals — of  a  quarter  or  a  half  of  a  milei  or,  at  the  longest, 
2  or  3  miles — where  the  outline  of  the  lake  shore  or  the  direction  of 
the  shore  currents  prevented  such  accumulation.  It  is  also  deficient 
on  the  shores  of  the  strait  that  occupied  the  Elk  and  Golden  Valleys 
in  Dakota,  but  is  well  developed  along  the  chain  of  islands  east  of 
this  strait.  There  are  similar  interruptions  in  the  beaches  of  present 
lakes  and  on  the  sea  coast;  and,  like  these  modern  deposits,  the  beach 
of  Lake  Agassis  varies  considerably  in  its  size,  having  in  any  distance 
of  5  miles  some  portions  5  or  10  feet  higher  than  others,  due  to  the  un- 
equal power  of  waves  and  currents  at  these  parts  of  the  shore.  The 
Qsaally  moderate  slope  of  the  land  toward  Lake  Agassiz  was  favor- 
able fbr  the  formation  of  a  beach  ridge,  and  one  has  been  clearly  traced 
as  an  essentially  continuous  formation  along  a  distance  of  400  miles 
in  Minnesota  and  Dakota.  In  calling  it  continuous,  I  mean  to  say  that 
whenever  interrupted  it  is  found  a  little  distance  farther  along,  begin- 
ning again  at  very  nearly  the  same  height. 

The  gaps  where  the  beach  is  not  a  distinctly  traceable  ridgelike  de- 
X>ositof  gravel  and  sand  cannot  exceed  one* tenth  of  its  whole  course. 
In  a  few  places  the  lake  undermined  its  shore,  forming  a  terrace  in  the 
till,  with  no  definite  beach  deposit,  the  work  of  the  waves  having  been 
to  erode  and  carry  away  rather  than  to  accumulate.  In  other  places  — 
sometimes  2  or  3  miles  in  length — the  area  where  this  ancient  lake 
had  its  margin  is  a  marsh  or  shaking  bog,  full  of  spring  water  and  rough 
with  hummocks  of  grass. 

Oommonly  the  land  upon  each  side  of  this  beach  of  Lake  Agassiz  is 
till  or  unstratiiled  clay,  containing;3ome  intermixture  of  sand  and  gravel 
and  occasional  stones  and  bowlders.  The  material  of  the  beach  ridge  is 
remarkably  in  contrast  with  this  ac^oining  and  underlying  till,  for  it  in- 
cludes no  clay,  but  consists  of  stratified  sand  and  gravel,  the  largest 
pebbles  being  usually  from  2  or  3  to  6  inches  in  diameter.  Ko  bowlders 
referable  to  transportation  by  floating  ice  have  been  found  in  any  of 

the  beach  deposits  of  this  lake. 
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When  Lake  Agassiz  stood  at  its  greatest  height  and  formed  the  apper 
beach,  its  outlet  was  aboat  75  feet  above  the  present  sorface  of  Lake 
Traverse,  or  1|045  feet  above  the  sea.  The  channel  which  at  this  time 
had  been  excavated  in  the  drift  by  its  outflow  was  40  to  50  feet  deep 
along  the  distance  of  about  50  miles,  where  are  now  Lake  Traverse, 
Brown's  Valley,  and  Big  Stone  Lake.  This  beach  is  crossed  by  the 
Breckenridge  line  of  the  Saint  Paul,  Minneapolis  and  Manitoba  Bail- 
way  at  a  point  about  Ij^  miles  northwest  from  Herman,  Minnesota. 

THE  NOBOSOSS  BEACH. 

Three  lower  beaches,  of  the  same  character  as  to  form,  size,  and  ma- 
terial with  the  highest,  have  been  also  noted ;  their  course  has  been 
traced  through  long  distances  and  their  height  has  been  determined  by 
leveling.  At  the  next  epoch  after  that  of  the  upper  or  Herman  beach, 
when  the  lake  level  was  again  nearly  stationary  long  enough  to  form 
a  ridge  of  gravel  and  sand  upon  its  shore,  the  outlet  had  been  eroded 
about  20  feet  deeper  than  at  the  time  of  the  upper  beach,  but  was  still 
55  feet  above  the  present  Lake  Traverse  and  Brown's  Valley.  The 
beach  of  Lake  Agassiz,  when  it  had  this  lower  level,  is  crossed  by  the 
Breckenridge  railway  line  at  Norcross,  Minnesota,  5  miles  northwest 
from  Herman. 

THE  CAMPBELL  BEACH. 

A  third  series  of  beach  deposits  was  formed  when  the  outlet  of  Lake 
Agassiz  had  been  lowered  some  50  feet  more,  nearly  to  the  level  of  Lake 
Traverse.  The  beach  of  this  third  stage  of  Lake  Agassiz  takes  its  name 
from  the  township  of  Campbell  (T.  130,  B.  46),  in  the  southern  part  of 
Wilkin  County,  Minnesota,  which  it  crosses  from  southwest  to  north- 
east. 

THE  M'CAULEYVILLE  BEACH. 

The  fourth  and  lowest  beach  of  Lake  Agassiz,  while  it  outflowed  to 
the  south,  was  formed  after  a  further  erosion  of  15  feet,  lowering  the 
outlet  to  960  feet  above  the  sea  and  completing  the  excavation  of  its 
channel  to  the  present  beds  of  Traverse  and  Big  Stone  Lakes.  My  flrst 
observation  of  this  beach  was  3^  miles  northeast  from  McOauleyville(T. 
134,  R.  48),  in  Wilkin  County,  Minnesota. 

Four  distinct  series  of  beach  ridges  of  gravel  and  sand  were  thus 
formed  by  Lake  Agassiz  at  succes3ive  stages  of  height  during  its  proc- 
ess of  deepening  the  channel  by  which  it  outflowed  southward. 

THE  BED  EIVEE  VALLEY. 

The  central  part  of  the  basin  of  Lake  Agassiz,  within  the  limits  of 
Minnesota  and  Dakota,  now  drained  by  the  Bed  River,  has  an  exceed- 
ingly flat  surface,  sloping  imperceptibly  northward,  as  also  from  each 
side  to  its  central  line.  The  Bed  Biver  has  its  course  along  the  axial 
depression,  where  it  has  cut  a  channel  20  to  60  feet  deep.  It  is  bor- 
dered by  only  few  and  narrow  areas  of  bottom  land,  instead  of  which 
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its  banks  usually  rise  steeply  on  one  side  and  by  moderate  slopes  on 
the  other  to  the  lacnstrine  plain,  which  thence  reaches  nearly  level  10 
to  30  miles  firom  the  river.  Its  tributaries  cross  the  plain  in  similar 
channels,  which,  as  well  as  the  Bed  Biver,  have  occasional  gullies  con- 
nected with  them,  dry  during  most  of  the  year,  varying  from  a  few 
hundred  feet  to  a  mile  or  more  in  length.  Between  the  drainage  lines 
areas  often  5  to  15  miles  wide  remain  unmarked  by  any  watercourses. 
The  highest  portions  of  these  tracts  are  commonly  fh>m  2  to  5  feet  above 
the  lowest. 

This  vast  plain,  40  to  50  miles  wide,  lying  half  in  Minnesota  and  half 
in  Dakota  and  stretching  from  Lake  Traverse  and  Breckenridge  north 
to  Winnipeg,  is  the  widely  famed  Bed  Biver  Valley,  the  most  fertile 
wheat  land  of  the  continent.  The  material  of  the  lower  part  of  this 
ancient  lake  bed,  shown  in  the  banks  of  the  Bed  Biver  and  reaching 
several  miles  from  it,  is  fine  clayey  silt,  horizontally  stratified,  but  its 
south  end  and  large  areas  of  each  side  of  this  plain  are  mainly  unstrat- 
ifled  bowlder  clay,  which  differs  firom  the  rolling  or  undulating  till  of 
the  adjoining  region  only  in  having  its  surface  nearly  flat.  Both  these 
formations  are  almost  impervious  to  water,  which  therefore  in  the  rainy 
season  fills  their  shallow  depressions;  but  these  are  very  rarely  so  deep 
as  to  form  permanent  lakes.  Bven  sloughs  that  continue  marshy 
through  the  summer  are  infrequent,  but  where  they  do  occur  they  cover 
large  tracts,*  usually  several  miles  in  extent 

On  all  the  area  drained  by  the  Bed  Biver  in  Minnesota  the  glacial 
drift  is  so  thick  that  no  exposures  of  the  underlying  rocks  have  been 
found,  and  they  have  only  few  outcrops  within  this  basin  in  Dakota. 
The  depth  of  the  drift  varies  from  100  to  250  feet.  The  prominent 
topographic  features  of  all  this  region  are  doubtless  dae  to  the  form  of 
the  underiying  rock  surface,  upon  which  the  drift  is  spread  in  a  sheet 
of  somewhat  uniform  thickness. 

Erosion,  before  the  ice  age,  had  sculptured  the  rocks  that  are  buried 
and  concealed  under  this  universal  drift  sheet  and  had  formed  the 
broad,  nearly  level  depression  of  the  Bed  Biver  Valley,  which  in  the 
United  States  is  1,000  to  800  feet,  from  soath  to  north,  above  the  sea. 
Slopes  and  terraces  of  these  rocks  beneath  the  drift  cause  the  rise  east- 
ward firom  this  valley  to  the  lake-sprinkled  platean,  1,300  to  1,500  feet 
above  the  sea,  which  reaches  from  Olenwood,  Alexandria,  and  Fergus 
Falls  to  the  sources  of  the  Mississippi.  For  example,  though  the  trav- 
eler finds  no  ledge  of  rock  in  going  from  the  Bed  Biver  at  Fargo  and 
Moorhead  75  miles  east-northeast  to  Itasca  Lake,  it  yet  appears  that  the 
form  of  the  surface,  marked  by  two  remarkable  terraces,  is  due  to  that 
of  the  bed  rock.  The  flat  of  the  Bed  Biver  Valley  extends  from  Moor- 
head to  about  6  miles  east  of  Olyndon,  with  a  slight  ascent  of  about  50 
feet  in  these  15  miles.  The  next  2  or  3  miles  rise  200  feet  to  the  top 
of  a  terrace,  which  reaches  from  soath  to  north  the  whole  length  of 
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tbe  Bed  Biyer  Yall^  in  Minneaotfti  thoagh  it  ii  not  all  the  way  ao  dia- 
tinot  nor  ao  high  aa  hare.  Beyond  thia  aaoent  the  aoxfiace  ia  again  nearly 
level,  being  a  abeet  of  alightly  andulating  or  rolling  till,  widi  a  riae  of 
perhaps  4  or  d  feet  per  mile,  tbroagh  25  miles  eaatward.  Next  ia  a 
terrace,  also  reaching  a  long  distance  from  south  to  north,  which  is 
ascended  in  3  or  4  miles,  rising  about  300  feet,  to  the  White  Earth 
Agency,  which  thus  commands  a  very  extensive  western  proapeot 
Thence  a  more  rolling  plateau  extends,  with  Utile  change  in  the  average 
height,  30  miles  eastward  to  Itasca  Lake. 

In  like  manner  the  elevation  of  the  Coteau  des  Prairies,  1,500  to  2,000 
feet  above  the  sea,  and  the  terracelike  ascent  at  the  west  aide  of  the  flat 
Bed  Bi ver  Valley  in  Dakota,  lying  at  a  distance  of  20  to  35  milea  weat 
of  the  Bed  Btver  and  stretching  from  tbe  south  bend  of  the  Sheyeone 
Biver  north  to  the  British  line,  where  it  is  called  Pembina  Moontain, 
are  due  to  the  contour  of  the  bed  rook,  rather  than  to  diiferenoea  in  tbe 
thickness  of  the  drift. 

The  till  upon  each  side  of  Lake  Agassiz  has  a  moderately  undulating 
and  rolling  surfooe.  Within  the  area  that  was  covered  by  thia  lake 
it  has  a  much  smoother  and  more  even  contour,  but  has  been  only 
slightly  stratified*  The  action  of  its  waves  gathered  from  this  deposit 
of  till,  which  was  the  lake  bed,  the  gravel  and  sand  of  its  beaches }  and 
corresponding  deposits  of  stratified  clay,  derived  from  the  same  erosion 
of  the  till,  sank  in  the  deeper  part  of  the  lake.  But  these  sediments 
were  evidently  of  small  amount  and  are  not  noticeable  upon  the  greater 
part  of  this  lacustrine  area,  which  consists  of  a  smoothed  sheet  of  till. 
The  position  of  the  thick  beds  of  stratified  fine  silt  and  clay  in  the  cen- 
tral depression  of  the  Bed  Biver  Valley  shows  that  they  were  not  de- 
posited by  the  waters  of  Lake  Agassiz,  which  must  have  spread  them 
more  generally  over  its  entire  area;  but,  instead,  proves  that  they  were 
brought  by  the  rivers  which  flowed  into  this  hollow  and  along  it  north- 
ward after  the  glacial  Lake  Agassiz  had  been  reduced  to  its  present  rep- 
resentative, Lake  Winnipeg.  The  occurrence  of  shells  and  remains  of 
vegetation  in  these  stratified  beds  at  McCanley  ville  32  and  45  feet  below 
the  surface,  or  about  7  and  20  feet  below  the  level  of  the  Bed  Biver,  and 
numerous  other  observations  of  remains  of  vegetation  elsewhere  along 
the  Bed  Biver  Valley  in  these  beds,  demonstrate  that  the  valley  was  a 
land  surface,  subject  to  overflow  by  the  river  at  its  stages  of  flood,  when 
these  remains  were  deposited..  Even  at  the  present  time  much  of  the 
area  of  stratified  clay  is  covered  by  the  highest  floods,  and  probably  no 
portion  of  these  stratified  deposits  is  more  than  10  feet  above  the  high 
water  line  of  the  Bed  Biver  and  its  tributaries. 

THE  OUTLET  OF  LAKE  AGASSIZ. 

The  excavation  of  the  remarkable  valley  occupied  by  Lakes  Traverse 
and  Big  Stone  and  the  Minnesota  Biver  was  first  explained  in  1808  by 
General  G.  K.  Warren,  who  attributed  it  to  the  outflow  from  this  ancient 
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lake  that  filled  tbe  Imuuii  of  the  Bed  River  and  Lake  Winnipeg.  He  made 
a  careful  survey  of  this  valley  from  Iiake  Traverse  to  it8  mouth,  and  hia 
maps  and  descriptions,  with  tbe  accompanying  discussion  of  geologic 
questioDS,  are  most  valuable  contributions  to  science.^  After  his  death, 
lu  recognition  of  this  work,  the  glacial  river  that  was  the  outlet  of  Lake 
Agassis  was  named  Biver  Warren.' 

Tbe  heights  of  Lakes  Traverse  and  Big  Stone  are,  respectively,  970  and 
962  feet  above  the  sea,  and  the  lowest  point  of  the  divide  between  them 
is  only  3  feet  above  Lake  Traverse.  These  lakes  are  from  1  to  1^  miles 
wide,  mainly  occupying  the  entire  width  of  this  troughlike  valley,  which 
is  inclosed  by  bluffs  of  till  about  125  feet  high.  Lake^  Traverse  is  15 
miles  long ;  it  is  mostly  less  than  10  feet  deep  and  its  greatest  depth 
probably  does  not  reach  20  feet.  Big  6tone  Lake  extends  in  a  some- 
what crooked  course  from  northwest  to  southeast  26  miles;  its  greatetit 
depth  is  reported  to  be  from  15  to  30  feet.  The  portion  of  the  channel 
between  these  lakes  is  widely  known  as  Brown's  Valley.  As  we  stand 
upon  the  bluflis  here,  looking  down  on  these  long  and  narrow  lakes  and 
the  vaUey  which  extends  across  the  5  miles  between  them,  where  the 
basins  of  Hudson  Bay  and  the  Oulf  of  Mexico  are  now  divided,  we  have 
nearly  the  picture  that  was  presented  when  the  melting  ice  sheet  of 
British  America  was  pouring  its  floods  along  this  hollow.  Then  the 
entire  extent  of  the  valley  was  doubtless  filled  every  summer  by  a  river 
which  covered  all  the  present  areas  of  flood  plain,  in  many  places  occu- 
pying as  great  width  as  these  lakes.  General  Warren  observed  that 
I^Ekke  Traverse  is  due  to  a  partial  silting  up  of  the  channel  since  the 
outflow  from  the  Bed  Biver  basin  ceased,  the  Minnesota  Biver  at  the 
south  having  brought  in  sufficient  alluvium  to  form  a  dam,  while  Big 
Stone  Lake  and  Lac  qui  Parle  are  similarly  due  to  the  deposits  of  strati- 
fied sand  and  silt  which  the  Whetstone  and  Lac  qui  Parle  Bivers  have 
spread  across  the  valley  l)elow  them. 

THE  NOBTHEBN  BABBIEB. 

The  northern  barrier  by  which  the  water  of  Lake  Agassiz  was  re- 
strained from  flowing  in  the  direction  of  the  present  drainage  to  Hudson 
Bay  was  supposed  by  General  Warren  to  have  been  an  elevation  of 
the  land  much  above  its  present  height  northeast  of  Lake  Winnipeg. 


1  **  On  certain  physical  features  of  tbe  Upper  Mississippi  River/'  American  Natnralist, 
Vol.  II,  pp.  497-502,  November,  1863.  Annual  Report  of  tbe  Cbief  of  Engineers,  United 
8tate6  Army,  for  1868,  pp.  307-314.  ''An  essay  concerning  important  physical  features 
exhibited  in  the  valley  of  the  Minnesota  River,  and  npon  their  signification,"  with 
maps,  Report  of  Chief  of  Engineers,  1875.  ''  Valley  of  the  Minnesota  River  and  of  tbe 
Miseisstppi  River  to  the  Jonction  of  the  Ohio.  Its  origin  considered — depth  of  tbe 
bed-rock,"  with  maps.  Report  of  Chief  of  Engineers,  1878,  and  American  Journal  of 
Science,  (8)  XYI,  pp.  417-^31,  December,  1878.    (General  Warren  died  August  8, 1882. ) 

*  Proceedings  of  the  American  Association  for  the  Advancement  of  Science,  Vol. 
XXXII  (fbr  1863),  pp.  fil3  to  231 ;  also  in  American  Journal  of  Science,  (3)  XXVII, 
January  and  February,  1884 ;  and  Geology  of  Minnesota,  Vol.  I,  p.  622. 
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He  thoaght  that  this  elevation  was  shared  by  other  northern  portions 
of  North  America  and  that  these  regions  have  recently  been  depressed 
at  least  several  hundred  feet.  The  depths  of  the  great  lakes  and  many 
topog^phic  features  of  the  interior  of  the  continent,  besides  this  chan- 
nel of  Lakes  Traverse  and.Big  Stone  and  the  Minnesota  Biver,  appeared 
to  him  to  support  this  opinion.  On  the  contrary,  my  belief  is  that  the 
surlSace  of  the  continent  had  nearly  the  same  form  then  as  now  and  that 
the  continental  ice  sheet,  resting  on  the  land  in  a  solid  mass  of  great 
depth,  formed  the  northern  shore  of  Lake  Agassiz  and  was  the  barrier 
that  prevented  it  from  flowing  into  Hudson  Bay.^ 

The  four  oeiies  of  beach  deposits  which  mark  the  shores  of  Lake 
Agassiz  at  as  many  stages  of  its  height  are  found  to  have  a  gradual 
ascent  northward,  as  compared  with  the  present  level  line  or  the  sur- 
face which  a  body  of  water  would  have  now  if  confined  in  this  valley. 
As  before  stated,  these  beaches  were  formed  at  epochs  when  the  lake 
level  was  nearly  stationary  for  a  considerable  time  during  the  excava- 
vation  of  its  channel  of  outlet  at  Lake  Traverse  and  southward. 

Exploration  and  leveling  along  the  upper  beach  in  Minnesota  extended 
from  the  north  end  of  Lake  Traverse  about  25  miles  eastward  to  Her- 
man, and  thence  about  140  miles  north  to  Maple  Lake.  Through  this 
distance  it  lies  from  15  to  30  miles  east  of  the  Bed  Biver.  The  ascent 
of  this  beach  northward  is  at  a  rate  that  increases  from  6  Inches  to  1 
foot  a  mile  in  its  southern  portion  for  about  75  miles.    Farther  north 

.  its  rate  of  ascent  increases  from  1  foot  to  16  inches  a  mile.  In  all,  the 
surface  of  Lake  Agassiz  in  Minnesota  at  this  time  of  its  greatest  height 
ascended  northward,  above  a  line  now  level,  125  feet  in  these  140  miles, 
from  1,045  feet,  very  nearly,  above  sea  at  Lake  Traverse,  to  1,170  feet, 
very  nearly,  at  the  liorth  side  of  Maple  Lake,  20  miles  east-southeast 
from  Crookston.  Through  this  distance  the  upper  beach  clearly  marks 
one  continuous  shore  line. 

Before  Lake  Agassiz  had  fallen  below  the  line  of  this  beach  in  the 
south  half  of  its  explored  extent,  it  had  formed  a  slightly  lower  parallel 
beach,  three-fourths  of  a  mile  to  1^  miles  distant,  through  the  northern 

'  third  of  Clay  County ;  and  this  secondary  beach,  sometimes  double  or 
treble,  was  noted  at  several  places  along  the  next  30  miles  northwanl. 
At  the  northwest  side  of  Maple  Lake  definite  beach  ridges  were  formed 
when  Lake  Agassiz  had  fallen  in  that  latitude  successively  about  8, 15, 
30,  and  45  feet  from  its  highest  level.  Yet  all  these  beaches  were  accu- 
mulated while  the  lake  remained  with  only  very  slight  depression  of 

^That  this  lake  existed  because  of  the  barrier  of  the  receding  ice  sheet  was  pointed 
out  by  Prof.  N.  H.  Winchell  in  his  First  Annual  Report  of  the  Geological  and  Kataml 
History  Survey  of  Minnesota,  for  1872,  p.  63,  and  in  his  Sixth  Annual  Report,  for  1877| 
p.  31.  He  also  explained  in  like  manner  the  formerly  higher  levels  of  the  great  lakes, 
Popular  Science  Monthly,  June,  1873 ;  and  the  same  view  is  stated  by  Prof.  J.  8.  New- 
berry in  Report  of  the  Geological  Survey  of  Ohio,  Vol.  II,  1874,  pp.  6,  8,  and  51. 
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level,  not  snfficient  for  the  formation  of  any  secondary  beach  ridge,  along^ 
its  southern  part  for  some  75  miles  northward  from  Lake  Traverse  and 
Herman. 

The  Norcross  beach  in  Minnesota  han  been  explored  and  its  height 
measnred  throagh  the  same  distance  of  140  miles,  in  which  it  ascends 
northward  about  62  feet  by  {>  slope  that  increases  slightly  from  south  to 
north,  averaging  nearly  6  inches  a  mik.  Tiio  snrfsice  of  Lake  Agas- 
8iz  had  fallen  at  this  time  from  its  highest  level  20  feet  at  Lake  Trav- 
erse, 50  feet  in  Northern  Clay  County,  an<l  83  feet  northwest  of  Maple 
Luke.  Its  fall  in  this  extent  hiul  been  thus  03  feet  more  at  the  north 
than  at  the  south.  Double  an<l  multiple  ridges  occur  aliyig  the  northern 
half  of  this  distance  and  show  that  the  lake  level  at  the  time  of  forma- 
tion of  the  Norcross  beach  fell  5  to  10  feet  north  wanl,  while  it  remained 
without  change  or  with  less  change  than  was  required  to  form  additional 
beach  ridges  southward. 

The  heights  of  the  Campbell  an<l  McCauley  villo  beaches  in  Minnesota 
are  known  for  a  distance  of  150  miles,  in  which  the  northward  ascent 
of  the  lake  level  during  the  Campbell  stage  was  about  37  feet  and  dur- 
ing the  McCauley ville  stage  25  feet.  The  fall  of  Lake  Agassiz  from  the 
npi>er  or  Herman  besich  to  the  McCauley  ville  beach  was  85  feet  at  its 
mouth  and  185  feet  near  Maple  Lake;  and,  instead  of  the  northward 
ascent  of  the  upper  beach  125  feet  in  140  miles,  this  had  been  gradually 
diminished  to  117,  110,  95,  80,  02, 50, 37,  ami  finally  25  feet  at  the  time 
of  the  formation  of  the  McCauley  ville  beach. 

In  Dakota  the  same  series  of  beaches  are  found  and  they  have  been 
tniced  along  the  whole  or  parts  of  their  course,  with  determination  of 
their  elevations,  to  a  distance  about  75  miles  farther  north  than  in 
Minnesota.  In  224  miles  from  Lake  Traverse  to  the  international 
boundary*  the  lake  level  in  Dakota  at  its  highest  stage,  during  the 
time  of  formation  of  the  first  Herman  beach,  ascended  northward  about 
185  feet,  from  1,045  to  1,230  feet  above  the  sea;  during  the  time  of 
the  first  Norcross  beach  it  ascended  120  feet,  from  1,02.">  to  1,145  feet; 
during  the  time  of  the  Campbell  beach  it  ascended  05  feet,  from  975  to 
1,040;  and  during  the  time  of  the  first  McCauley  ville  beach  it  ascended 
35  feet,  from  960  to  995  feet  above  our  present  sea  level.  A  later  Mc- 
Cauley ville  beach  shows  only  25  feet  ascent  in  these  224  miles,  or  an 
average  of  1^  inches  a  mile. 

Comparison  of  the  elevations  of  these  beaches  in  Dakota  and  Minne- 
sota at  the  same  latitude  reveals  another  very  inten\sting  feature  of  the 
levels  of  this  glacial  lake,  namely,  an  ascent  from  west  to  east  similar 
to  that  from  south  to  north,  but  of  less  amount  and  diminishing  in  a 
similar  ratio  between  the  successive  stiiges  of  the  lake.  On  the  latitude 
of  Larimore  and  Grand  Forks  the  ascent  of  the  lake  surface  above  a 
line  now  level  was  approximately  33  feet,  at  the  time  of  the  first  ller- 
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man  beach,  in  about  70  miles  from  west  to  east,  the  rate  per  mile  being 
very  nearly  half  a3  much  as  from  south  to  north;  and  during  the  time 
of  formation  of  the  later  Herman  beaches  it  diminished  to  30, 26,  and  21 
feet.  When  the  first  and  second  I^orcross  beaches  were  formed  this 
ascent  toward  the  east  was  14  and  11  feet  in  about  60  miles,  and  during 
the  Campbell  and  McGauleyville  stages  it  was  reduced  to  only  6  and  4 
feet  in  about  50  miles ;  yet  it  continues  through  all  these  stages  ap- 
proximately half  as  much  per  mile  as  the  ascent  toward  the  north.  The 
rate  of  ascent  eastward  also  increased,  like  that  northward,  in  proceed- 
ing from  south  to  north.  At  the  latitude  of  Wahpeton  and  Brecken- 
ridge.  So  miles  north  from  the  mouth  of  Lake  Agassiz,  the  ascent  of 
tlie  lake  level  in  its  highest  stage  was  10  feet  from  west  to  east  in  45 
miles;  at  the  latitude  of  Fargo  and  Moorhead,  75  miles  north  from  the 
outlet,  it  was  15  feet  in  50  miles ;  and  at  the  latitude  of  Orand  Forks, 
150  miles  north  from  the  outlet,  it  was  33  feet  in  70  miles,  approxi- 
mately. The  accompanying  table  shows  the  relations  of  these  beaches 
and  the  changes  which  took  place  in  surfaces  of  level  here  during  the 
existence  of  this  glacial  lake. 

If  the  barrier  north  and  northeast  of  Lake  Agassiz  had  been  land, 
its  subsidence  to  give  way  for  drainage  northward  in  its  present  course 
to  Hudson  Bay  would  cause  the  beach  deposits  of  the  former  lake  shores 
to  have  the  opposite  slope,  or  a  descent  from  south  to  north  and  from 
west  to  east.  These  observations  are  therefore  inconsistent  with  such 
explanation  of  the  cause  of  this  lake ;  but  they  appear  to  prove  that 
its  northern  barrier  was  the  receding  continental  glacier.  I  have  thought 
that  all  the  differences  of  the  once  level  lines  of  Lake  Agassiz  from  our 
present  level  line  might  have  been  produced  by  the  gravitation  of  the 
water  of  the  lake  toward  the  ice  sheet.  At  first  this  attraction  would 
have  been  relatively  large,  because  of  the  nearness. of  the  great  mass 
of  ice  on  the  northeast  in  Minnesota  and  northward  in  British  America; 
but  as  the  ice  retreated  it  must  have  been  gradually  diminished  and  re- 
duced to  a  comparatively  small  influence  by  the  time  the  ice  sheet  had 
withdrawn  so  as  to  permit  the  northward  drainage  of  the  lake. 

Among  other  agencies  that  have  been  proposed  to  account  for  such 
changes  are  (1 )  effe(;ts  due  to  the  weigh  ting  of  the  earth's  crust  by  the  ice 
and  its  removal ;  (2)  the  cooling  and  contraction  of  the  crust  by  the  ice 
and  glacial  waters,  and  the  subsequent  warming  and  expansion  owing 
to  the  amelioration  of  the  climate;  and  (3)  crust  changes  of  unknown 
origin,  having  no  relationship  to  the  glacial  phenomena.*  These  several 
agencies  will  receive  studious  consideration  in  my  final  report,  when  a 
more  extended  range  of  observations  will  come  under  review. 


'  Prof.  T.  C.  Cb:iinberlin,  Geology  of  Wisconsin,  Vol.  I,  1883,  p.  290,  aud  Free.  Am. 
Assoc.  Adv.  Sci.,  Minneapolis  meeting,  Vol.  XXXII,  1883,  page 212;  also,  paper  before 
Philosophical  Society,  Washington,  March  13,  1880. 

Mr.  G.  K.  Gilbert,  American  Journal  of  Science  (3),  XXXI,  pp.  290-299,  April,  1886 
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ABBA  AND  DEPTH  OF  LAKE  AGASSIZ. 

The  beaches  of  Lake  Agassiz,  as  here  described  in  Dakota  aud  from 
Ijake  Traverse  and  Herman  north  to  Maple  Lake,  in  Minnesota,  extend 
through  a  prairie  region  very  favorable  for  exploration  and  leveling. 
The  farther  coarse  of  the  npper  beach  tarns  to  the  east  and  northeast 
and  lies  in  a  trackless  forest,  mnch  of  which  consists  of  almost  impass- 
able tamarack  swamps.  It  is  therefore  quite  impracticable  to  trace  its 
coarse  exactly  through  this  wilderness ;  bat,  from  the  known  elevation 
of  Bed  Lake  (about  1,150  feet  above  the  sea),  of  the  Lake  of  the  Woods 
(1,002  feet),  and  of  Bainy  Lake  (about  1,120  feet),  the  outline  of  Lake 
Agassiz  when  it  had  its  greatest  height  can  be  mapped  approximately. 

From  the  north  side  of  Maple  Lake  this  outline  extends  eastward* 
passing  south  of  Bed  Lake,  across  the  Big  Fork  of  Bainy  Biver,  and 
along  the  south  side  of  Bainy  Lake,  its  height  above  Bed  and  Bainy 
Lakes  being  probably  about  50  and  150  feet,  respectively.  Thus  Lake 
Agassiz  at  this  time  of  greatest  height  reached  along  the  international 
boundary  farther  east  than  the  meridians  of  Minneapolis  and  Saint 
Paul.  Its  expanse  included  only  few  islands,  these  being  of  small  area 
and  near  the  shore. 

When  this  glacial  lake  attained  its  greatest  extent,  it  probably  ex- 
ceeded Lake  Superior,  both  in  length  and  in. area.  At  the  time  of  the 
formation  of  its  highest  beach  the  depth  of  Lake  Agassiz  above  Fargo 
and  Moorhead  was  nearly  200  feet;  above  Grand  Forks  and  Crooks- 
ton,  a  little  more  than  300  feet ;  and  above  Pembina  and  Saint  Vincent, 
about  450  feet. 

In  the  following  tabulations  the  figures  represent  the  height,  in  feet, 
above  sea  level,  where  not  otherwise  stated. 

The  letters  a,  6,  c,  d,  represent  successive  beaches  along  the  northern 
part  of  Lake  Agassiz,  which  seem  to  be  merged  in  a  single  bcitch  to- 
ward its  south  end. 

The  columns  marked  north  ascent  show  the  asi^ent  of  the  lake  from 
its  south  end,  which  was  at  Lake  Traverse,  and  those  marked  caM 
ascent  show  the  ascent  of  the  lake  from  its  western  to  its  eastern  shore. 

The  successive  elevations  of  the  mouth  of  Lake  Agassiz,  situated  at 
it«  south  end  (Lake  Traverse),  were,  for  the  Herman  beach,  1,045  feet; 
for  the  Norcross  beach,  1,025  feet;  for  the  Campbell  beach,  075  feet; 
and  for  the  McGauleyville  beach,  OGO  feet. 
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•  THE  UPPER  OR  HERMAN  BEACH  IN  MINNESOTA.' 

(See  tbe  Hcompujiiig  map,  Plntu  I. ) 
FROM  LAKE   TRAVERSE  EAST  TO   HERMAN. 

Lake  Traverse,  elevatioQ  070  feet  above  tbo  sea. 

BlaSii  next  to  Lake  TraverBO  south  from  the  Mustinka  River,  eleva- 
tion 1,072  to  1,075  feet  above  tbe  sea. 

Blnffa  opposite  to  tbeae  and  for  3  or  4  miles  northward,  ou  tbe  west 
side  of  Lake  Traverse,  1,090  to  1,070  feet.     ' 

BluEF  or  ridge  forming  tbe  highest  land  between  the  Mustinka  Kivor  - 
and  the  Bois  doa  Sioux  River,  from  Sec.  35  to  Sec.  13,  T.  V28, 11.  47 
(tho  west  part  of  Monseu),  an  island  beach  ridge  of  Lake  Agassiz 
dnring  its  maximum  stage,  aboat  1,050  feet. 

Upper  or  Herman  beach  in  Sees.  2  and  11,  T.  120,  R.  47  (Walls),  1,000 
to  1,062  feet,  4  to  5  miles  east  from  tbe  north  end  of  Lake  Traverse, 
vhere  the  steep  eroded  bluff  gives  place  to 
tbe  gentle  slope  of  the  natural  surface,  allow- 
ing the  accumalation  of  a  distinct  beach  ridge 
of  gravel.  This  is  smoothly  rounded,  15  to 
20  rods  in  width,  bounded  eastward  on  the 
Bide  toward  the  ancient  lake  by  a  moder- 
ately steep  slope  which  descends  10  or  12 
feet,  the  land  1  to  4  miles  distant  northeast- 
ward within  the  area  that  was  covered  by 
the  lake  being  20  to  40  feet  below  this  beach. 
On  the  other  side  this  ridge  is  succeeded  by  fig.2.  Miipofa(owni,hip,i.hu«. 
a  slight  depression  2  to  5  feet  deep,  beyond     "^' 

which  the  land  soon  rises  10  to  15  feet  above  the  beach.  The  material 
of  the  beach  is  gravel,  containing  pebbles  up  to  2  or  3  inches  iu  diam- 
eter, but  all  tbesDrfaco  elsewhere  on  each  side  is  till. 

Beach  in  Sees.  30  and  32,  T.  ]26,  R.  40  (Croke),  passing  southeast- 
ward near  the  southeast  corner  of  Sec.  30, 1,0GG  to  1,067  feet. 

Beach  near  the  middle  of  Sec.  9,  T.  125,  E.  40  (Tarrab),  1,067  feet. 
Its  contour  and  material  and  those  of  the  adjoining  areas  are  nearly 
tbe  same  as  at  the  locality  already  described.  The  width  of  tbe  gravel 
beach  here  is  25  or  30  rods;  thosmoothedsurfaceof  till  which  descends 
thence  northward  is  10  to  20  feet  lower  in  its  first  mile ;  on  tbe  south 
the  sheet  of  till  is  at  first  for  40  or  50  rods  about  5  feet  lower  than  tbe 
top  of  the  beach,  but  beyond  this  it  gradually  rises  to  a  height  lU  to  25 
and  60  feet  above  tbe  beach.  The  average  height  of  its  moderately  un- 
dulating surface,  C  miles  to  the  south  at  Graceville,  is  uearlj' represented 
by  the  railroad  at  the  dc))ot  there,  1,107  feet. 
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Beach  at  Dennis  W.  O'Brien's  liouse,  in  the  SW.  J  of  Sec.  11,  T.  126, 
B.  46, 1,0G1  to  1,062^  feet.  Northward  from  O'Brien's,  as  far  as  the 
view  reaches,  across  T.  126,  R.  46  (Croke),  and  T.  126,  R.  45  (Doleys- 
moant),  Lake  Agassiz  was  very  shallow,  the  smooth  and  nearly  level 
surface  of  till  being  1,045  to  1,035  feet  above  the  sea. 

For  the  next  3  miles  eastward  the  beach  is  less  conspicuous  than 
usual.  In  the  northwest  part  of  Sec.  8,  the  SE.  ^  of  Sec.  5,  and  through 
the  middle  of  Sec.  4,  T.  125,  R.  45  (Leonardsville),  this  shore  line  is 
again  distinctly  marked  by  a  slight  terrace  in  the  till,  descending  north- 
ward in  a  moderately  steep  slope  5  to  10  feet,  rather  than  by  the  osoal 
siccumulation  of  gravel.  The  top  of  this  terrace  is  at  1,056  to  1,067  feet 
The  house  of  Patrick  Leonard  is  built  upon  the  edge  of  this  terrace  at 
the  middle  of  the  east  side  of  section  4. 

Beach,  low  gravel  ridge  20  rods  wide,  5  feet  high  above  adjacent  level, 
in  the  southeast  part  of  Sec.  24,  T.  126,  R.  45  (Doleysmount),  1,060  to 
1,061  feet. 

These  determinations  indicate  that  in  Traverse  County  the  surface  of 
Lake  Agassiz,  during  its  maximum  stage,  was  very  nearly  1,045  to 
1,055  feet  above  our  present  sea  level. 

In  the  northwest  corner  of  Stevens  County  this  upper  or  Herman 
beach  is  well  displayed  in  the  N  W.  i  of  Sec.  19,  T.  126,  R.  44  (Eldorado), 
having  an  elevation  of  about  1,063  feet.  Through  Sec.  18  it  is  20  to  25 
rods  wide,  with  its  crest  at  1,063  to  1,066  feet,  being  a  gently  rounded 
ridge  of  sand  and  gravel,  containing  pebbles  up  to  2  or  3  inches  in  di- 
ameter. Its  height  is  7  to  10  feet  above  the  land  next  west  and  5  feet 
above  the  depression  next  east.  The  surface  on  each  side  is  till,  slowly 
falling  westward  and  rising  eastward. 

In  the  southeast  part  of  Sec.  7,  same  township,  the  crest  of  the  beach 
is  at  1,007  to  1,070  feet.  Here  and  onward  the  next  two  miles,  through 
the  NW.  \  of  Sec.  8,  tlio  southeast  part  of  Sec.  5,  and  the  western  and 
northern  part  of  Sec.  4,  this  formation  is  finely  exhibited  in  a  ridge 
of  gravel  and  sand  20  to  30  rods  wide,  15  feet  or  more  above  its  base 
westward,  wliere  lay  the  glacial  Lake  Agassiz,  and  8  to  10  feet  above 
the  depression  eastward,  which  divides  it  from  the  higher,  moderately 
undulating  expanse  of  till  beyond.  In  the  east  part  of  Sec.  5  its  eleva- 
tion is  1,005  feet,  and  through  Sec.  4,  1,065  to  1,072  feet. 

Sill  of  Ezra  S.  Dunning's  house,  Sec.  3,  T.  126,  R.  44  (Eldorado),  1,074 
feet. 

Water  in  the  South  Branch  of  Mustinka  River,  5  feet  deep,  in  the  NW. 
J  of  Sec.  34,  T.  127,  R.  44  (Logan,  Grant  County),  1,053  feet. 

Upper  or  Herman  beach,  in  the  northwest  part  of  Sec.  27,  same  town- 
ship, 1,007  to  1,009  feet ;  in  the  SW.  ^  of  Sec.  22, 1,007 ;  in  the  north  part 
of  this  Sec.  22  and  the  south  part  of  Sec.  15,  forming  a  broad,  smoothly 
rounded  gravel  ridge,  1,068  to  1,071  feet. 

This  beach  near  the  middle  of  Sec.  15,  a  third  of  a  mile  southwest 
from  Dr.  C.  O.  Paiiuin's,  about  30  rods  wide,  with  a  broad,  nearly  flat 
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top,  1,070  feet,  having  a  desceut  of  aboat  15  feet  on  its  northwest  side 
to  the  area  of  Lake  Agassiz  and  half  as  much  on  the  soathoast,  the  sar- 
face  thenoe  rising  very  gradaally  in  the  1^  miles  eastward  to  Herman- 
The  beach  ridge  is  gravel ;  the  land  at  each  side,  till. 

Beach,  equally  well  exhibited,  close  to  Dr.  Paqain's  honse,  at  the 
soatheast  comer  of  Sec.  10  and  in  the  southwest  part  of  Sec.  11,  same 
township,  1,069  to  1,071  feet ;  and  in  this  Sec.  11,  at  the  railroad,  and 
for  50  rods  south  westward,  1,004  to  1,066  feet. 

Depression,  40  rods  wide,  next  southeast  at  the  railroad  (lowest  20 
rods  from  the  top  of  the  beach),  1,060  to  1,063  feet. 

Surface  of  till  at  the  southeastern  snow  fences  of  the  railroad,  about  a 
third  of  a  mile  southeast  from  the  beach,  1,073  feet  $  at  the  northwest  end 
of  the  northwestern  snow  fences,  about  25  rods  northwest  from  the  high- 
est part  of  the  beach,  1,054  feet ;  and  at  the  one  hundred  and  eightieth 
mile  post,  about  a  quarter  of  a  mile  northwest  from  the  last,  1,049  feet. 

Saint  Paul,  Minneapolis  and  Manitoba  Railway,  Breckenridge  divi- 
sion, track  at  Herman,  1,070  feet ;  at  the  one  hundred  and  eightieth 
mile  i>ost,  1,051  feet. 

FBOM  HERMAN  NOBTH  TO  THE  BED  BIVEB. 

Joseph  Moses's  house,  floor  of  piazza,  in  the  SW.  ^  of  the  NW.  ^  of 
Sec  18,  T.  128,  B.  43  (Delaware),  1,067  feet;  upper  or  Ilemian  beach 
here,  on  which  this  house  is  built,  1,066  to  1,067  feet. 

H.  D.  Kendall's  house,  at  the  east  side  of  the  SE.  J  of  Sec.  12,  T.  128, 
B.  44  (Gk>rton),  on  the  western  slope  of  this  beach,  1,062  feet;  top  of  the 
beach  ridge,  about  25  rods  east  of  Mr.  Kendall's  house,  1,067  feet. 

Beach  through  the  next  1^  miles  north  from  Mr.  Moses's  house,  along 
the  west  side  of  Sees.  18  and  7,  T.  128,  B.  43  (DeKware),  1,066  to  1,068 
feet  The  beach  for  this  distance  is  finely  exhibited,  having  a  width  of 
about  25  rods,  rising  5  to  8  feet  above  the  depression  at  its  east  side 
and  10  to  15  feet  above  the  land  west. 

L.  I.  Baker's  house  sill,  in  the  S  W.  ^  of  Sec.  6,  same  township,  of  same 
height  with  the  top  of  the  beach  ridge,  on  which  it  is  built,  1,068  feet. 

Beach  in  Sec  31,  T.  129,  B.  43  (Elbow  Lake),  not  so  conspicuous  as 
usual,  1,066  feet ;  in  (or  near)  the  S W.  ^  of  Sec.  19,  same  township, 
1,070  feet;  in  the  SW.  |  of  Sec.  18,  at  the  house  of  Henry  Olson,  a 
gracefully  rounded  low  ridge,  as  elsewhere,  composed  of  gravel  and 
sand,  including  x>ebbles  up  to  3  inches  in  diameter,  1,065  to  1,066 
feet;  at  Mrs.  John  S.  Ireland's,  in  the  !NW.  ^  of  same  Sec.  18, 1,070 
feet;  at  Dr.  J.  M.  Tucker's,  in  the  NE.  J  of  the  NE.  J  of  Sec.  2,  T.  129, 
B.  44  (North  Ottawa),  1,071  feet ;  about  1  mile  north  of  the  last,  near  the 
north  side  of  Sec  35,  T.  130,  B.  44  (Lawrence),  1,075  feet ;  and  about 
1  mile  farther  north,  also  1,075  feet.  Through  nearly  the  whole  of 
this  distance  it  is  a  typical  beach  ridge  of  sand  and  gravel. 

Beach  about  30  rods  west  of  M.  L.  Adams's  house,  in  the  NE.  ^  of 
Bec#  26,  T.  130,  B.  44  (Lawrence),  1,075  feet,  being  4  feet  above  the 
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land  luljoiuiug  this  ridge  ou  the  east  aud  aboat  10  feet  above  the  flat 
laud  near  on  tbe  we^t ;  in  Sec.  23,  saui«  township,  1,076  feet ;  and  near 
the  south  side  of  Sec.  10,  same  towuship,  1,069  to  1,074  feet. 

Extensive  sloughs  or  marshes  occur  in  Sec.  36  aud  in  Sees.  25  and  24, 
same  township,  each  being  about  a  mile  long,  lying  on  the  east  side  of 
the  beach  ridge  at  Dr.  Tucker's  and  reaching  2^  miles  northward ;  the 
elevation  of  these  above  sea  level  is  about  1,000  feet. 

In  the  north  part  of  Sec.  10  and  the  south  part  of  Sec.  3,  same 
townshi]),  this  shore  line  of  Lake  Agassiz  is  not  marked  as  usual  bj'  a 
gravel  ridge,  but  by  a  somewhat  abrupt  ascent  or  terrace  in  the  drift 
sheet  of  till,  the  elevation  of  the  top  of  which,  composed  partly  of 
gr<i.vel,  is  1,085  to  1,079  feet ;  base  of  this  terrace  and  land  westward, 
consisting  of  till,  slightly  modified  on  the  area  of  Lake  Agassiz,  1,060 
to  1,050  feet.  This  escarpment,  the  eroded  shore  line  of  the  lake,  passes 
about  40  rods  west  of  N.  S.  Denton's  house,  at  the  north  side  of  Sec.  10. 

Beach  in  Sec.  34,  T.  131,  K.  44  (Western),  the  southwest  township 
of  Otter  Tail  County,  near  John  F.  Wentworth's,  1,070  to  1,075  feet; 
surface  at  Mr.  Wentworth's  barn,  1,072  feet. 

I3e<ich  25  rods  east  of  Albert  Oopeland's  house,  in  the  SW.  J  of  Sec 
28,  same  township,  1,070  to  1,066  feet;  where  it  is  crossed  by  the 
old  road  from  Fergus  Falls  to  Campbell,  near  the  northwest  comer 
of  this  Sec.  28, 1,072  feet ;  through  the  next  2  miles  north,  finely  de- 
veloped, with  nearly  constant  height,  1,072  feet,  being  7  to  10  feet 
above  the  depression  at  its  east  side  and  20  feet  above  the  area  west- 
ward, which  was  covered  by  Lake  Agassiz ;  at  Michael  J.  Shortell's, 
Sec.  9,  same  township,  1,073  feet;  one  mile  farther  north,  1,078  feet; 
and  at  A.  J.  Swift's,  in  the  SE.  J  of  theNW.  ^  of  Sec.  4, 1,076  feet.  The 
beiichat  Mr.  Swift's,*and  for  half  a  mile  farther  north,  is  well  exhibited 
and,  as  in  many  other  places,  is  bordered  on  its  east  sid  e  by  a  narrow 
strip  of  marsh. 

Beach  in  the  SW.  ^  of  the  NE.  J  of  Sec.  33,  T.  132,  K.  44, 1,076  feet; 
top  of  large  aboriginal  mound,  situated  on  the  beach  here,  1,082  feet; 
land  30  rods  west,  1,000  feet;  lakelet  250  feet  in  diameter,  about  an 
eighth  of  a  mile  northeast  from  the  large  mound,  1,0  51  feet. 

Red  Kiver  of  the  North,  near  the  northeast  corner  of  Sec.  33,  T.  132, 
R.  44,  1,014  feet;  on  the  line  between  this  township  and  T.  132,  R.  43 
(Bnse),  1,041  feet ;  at  Dayton  bridge,  in  the  NE.  J  of  the  SW.  J  of  Sec. 
20,  T.  132,  R.  43,  1,004  feet,  being  8  feet  below  the  bridge.  S.  A.  Aus- 
tin's house,  foundation,  in  the  N  W.  J  of  the  SW.  \  of  Sec.  20,  same  town- 
ship, 1,147  feet.  Old  grade  for  railroad  at  Dayton  bridge,  about  1,102 
feet. 

No  noticeable  delta  was  brought  into  Lake  Agassiz  by  the  Red  River. 

FROM    THE   TIED   RIVER   NORTH   TO   MUSKODA. 

Beach  near  the  south  side  of  Sec.  21,  T.  132,  R.  44,  1,077  feet;  in  this 
Sec.  21,  an  eighth  of  a  mile  north  of  the  road  from  Fergus  Falls  to  Breck- 
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enridge,  1,079  feet;  aud  for  the  next  mile  north,  1,077  to  l,080foet.  This 
is  a  typical  beach  ridjje,  gently  Founded,  composed  of  sand  and  gravel, 
containing  pebbles  ap  to  3  inches  in  diameter;  its  width  is  30  to  40 
rods,  and  its  height  above  the  very  flat  area  on  its  west  side,  which 
was  covered  by  Lake  Agassiz  (usually  somewhat  marshy  next  to  the 
beacb).  is  about  15  feet.  On  the  east  there  is  first  a  depression  of  4 
to  6  feet,  succeeded  within  a  fourth  of  a  mile  eastward  by  a  gentle  as- 
cent, which  rises  5  to  10  or  15  feet  above  the  beach.  The  material 
on  each  side  of  the  beach  is  till,  slightly  modified  by  the  lake  on  the 
west.  It  is  all  fertile  prairie,  beautifully  green,  or  in  many  places 
yellow  or  purple  with  flowers  during  July  and  August,  the  months 
in  which  this  survey  was  made.  In  August,  1S81,  no  houses  had  been 
built  on  this  beach,  nor  within  one  mile  from  it,  along  its  first  II  miles 
north  from  the  Red  River,  the  first  house  found  near  the  beach  being 
in  Sec.  26,  T.  134,  R.  45  (Akron),  in  Wilkin  County. 

Beach  at  a  low  portion,  probably  in  the  SB.  ^  of  Sec.  5,  T.  132,  R. 
44, 1,075  feet.  A  lake,  nearly  a  mile  long,  lies  on  the  flat  lowland  about 
one  and  a  half  miles  west  from  this  low  part  of  the  beach.  The  eleva- 
tion of  this  lake  was  estimated  at  1,055  or  1,050  feet;  it  is  only  a  few 
feet  lower  than  the  general  surface  around  it. 

Beach,  probably  near  the  north  side  of  this  Sec.  5, 1,078  feet.  On  its 
east  side  here  and  for  a  half  mile  both  to  the  south  and  north  is  a  slough, 
partly  filled  with  good  grass  and  partly  with  rushes ;  its  width  is  about 
a  quarter  of  a  mile  and  -its  elevation  about  1,070  feet.  The  land  west 
of  the  beach  descends,  within  I  or  2  miles,  from  1,0G0  to  1,050  feet. 

Beach  a  fourth  of  a  mile  north  from  the  point  last  noted,  1,071  to 
1,072  feet.  This  is  a  typical  gravel  beach,  only  4  feet  above  the  slough 
on  the  east  and  bordered  on  the  west  by  marshy  grassland,  which 
slopes  gently  down  5  to  15  feet  below  this  beach  ridge. 

Beach  at  its  lowest  portion  for  this  vicinity,  within  a  third  of  a  mile 
north  of  the  preceiling  aud  near  the  center  of  Sec.  32,  T.  133,. R.  44 
(Carlisle),  1,070  to  1,0GS  feet,  being  only  2  feet  above  the  marsh  or 
slough  on  its  east  side.  A  railroad  grade,  abaTidoned,  lies  a  third  of  a 
mile  east  of  this.  Beach  a  fourth  of  a  mile  farther  north,  1,077  feet, 
and,  about  one  mile  north  from  its  lowest  portion,  1,075  feet,  cut  by  a 
ravine,  the  bottom  of  which  is  nearly  at  I,0(j3  feet.  This  ravine  is  some 
30  rods  west  of  the  abandoned  railroad  embankment.  Beach  a  fourth 
of  a  mile  north-northwest  from  the  last,  1,077  feet. 

Railroad  grade  where  it  crosses  the  beach,  about  a  mile  northwesterly 
from  the  ra^ine  mentioned,  1,077  feet.  Beach  here,  1,070  feet,  being 
8  to  10  feet  above  the  slough  on  its  east  side  an<l  having  about  the 
the  same  height  above  the  marsh  next  to  it  westward.  The  material  of 
the  beach,  shown  by  the  railroad  embankment,  which  is  made  of  it  along 
a  distance  of  a  third  of  a  mile,  is  coarse  gravel,  with  abundant  pebbles 
of  all  sizes  up  to  6  inches  in  diameter,  fully  half  of  them  being  lime- 
stone. 
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Beach  near  the  west  side  of  Sec.  7,  same  township,  at  the  west  line 
of  Otter  Tail  County,  1,083  feet.  Here  it  is  a  smoothly  rounded  gravel 
ridge  about  15  feet  above  the  edge  of  the  flat  area  that  was  covered  by 
Lake  Agassiz  on  the  west  and  10  feet  above  a  marsh  or  slongh  that 
lies  a  few  rods  distant  on  its  east  side. 

Hill  of  Eudolph  I^iggeler's  house,  in  the  SE.  i  of  Sec.  26,  T.  134,  B. 
45  (Akron),  1,070  feet.  This  is  on  a  portion  of  the  beach  extending 
about  a  third  of  a  mile  from  south  to  north ;  a  quarter  of  a  mile  to  the 
north  its  elevation  is  1,082  feet.  In  the  northeast  part  .of  Sec.  35  and 
in  the  north  half  of  Sec.  26  this  beach  is  interrupted  by  sloughs,  which 
take  its  place  for  a  quarter  of  a  mile. 

Beach  in  the  south  half  of  Sec.  23,  same  township,  1,079  to  1,080 
feet;  in  the  NW.  J  of  this  Sec.  23,  1,075  to  1,080  feet 

Through  Sees.  14, 10,  and  3,  same  township,  the  beach  does  not  have 
its  ordinary  ndged  form,  but  is  mostly  marked  by  a  deposit  of  gravel 
and  sand  lying  upon  a  slope  that  rises  gradually  eastward.  Its  elevation 
here  is  1,075  to  1,085  feet.  In  the  southern  part  of  this  distance,  prob- 
ably in  the  SW.  ^  of  Sec.  14,  the  margin  of  the  flat,  somewhat  marshy 
area  that  appears  to  have  been  covered  by  Lake  Agassiz  is  very  defi- 
nite at  1,075  feet,  which  thus  was  probably  the  height  of  the  lake  here. 

Beach  in  the  S  W.  :l  of  Sec.  34,  T.  135,  £.  45  (Tanberg),  composed  of 
gravel,  nearly  flat,  25  to  30  rods  wide,  1,084  to  1,087  feet,  bordered  by 
a  depression  of  2  to  5  feet  on  the  east  and  by  an  expanse  10  to  15  feet 
lower  on  the  west. 

Beach  in  the  N  W.  J  of  this  Sec.  34, 1,084  to  1,087  feet.  Here  the  land 
next  east  does  not  present  tlie  usual  slight  hollow  dividing  the  beach 
ridge  from  the  higher  laud  eastward;  instead  is  a  springy  belt,  mostly 
1,089  feet,  quite  marshy,  yet  slowly  rising  2  to  4  feet  above  the  belt  of 
beach  gravel.  Occasional  hummocks,  about  2  feet  above  the  general 
surface  and  covered  with  rank  grass  about  6  feet  high,  form  part  of  this 
belt  of  marsh  and  shaking  bog.  Next  to  the  east  is  a  slough  about  1 ,086 
i'eet,  or  3  feet  below  the  springy  tract;  and  this  is  succeeded  by  a  sur- 
face of  moderately  undulating  till,  which  rises  gradually  eastward. 

Martin  E.  Kenkliv's  house  sill,  in  the  SW.  ^  of  Sec.  22,  same  town- 
ship, 1,094  feet.  Shore  line  of  Lake  Agassiz,  an  eighth  of  a  mile  west 
of  Mr.  Renkliv's,  on  the  border  of  a  marshy  flat  area,  not  marked  by  any 
distinct  gravel  ridge,  about  1,075  feet. 

Sloughs,  mostly  filled  with  rushes  and  having  areas  of  water  all  the 
year,  occupy  a  width  of  1  to  2  miles  next  west  of  the  shore  line  and 
beach  of  Lake  Agassiz  and  extend  nearly  continuously  10  miles  from 
south  to  north  from  the  middle  of  T.  134,  K.  45  (Akron),  to  the  south 
edge  of  T.  136,  K.  45  ( Prairie  View).  The  elevation  of  this  belt  of  sloughs 
is  1,0S0  to  1,050  feet,  being  considerably  lower  on  its  west  than  on  its 
east  border.  The  highest  laud  westward  in  tbo  west  edge  of  T.  135,  B. 
45  (Tanberg),  between  these  marshes  and  Manston,  is  about  1,060  feet. 
Along  most  of  this  distance  the  ordinary  beach  ridge  is  wanting* 
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Saint  Paul,  Miuneapolis  and  Manitoba  Railway,  Fergus  FiiUs  divis- 
ion, track  at  Lawndale  water  tank,  in  or  near  the  soatliea^t  corner  of 
Sec 33,  T.  136,  B.  45  (Prairie  View),  6  milea  northwest  from  Uotlmay  and 
8  miles  soatheast  from  Barnesville,  1,088  feet.  Here  a  sidetrack  has 
been  laid,  extending  about  a  third  of  a  mile  northward,  with  its  northern 
end  some  50  rods  east  of  the  main  line,  to  take  ballast  from  the  beach, 
which  is  well  exhibited  here  and  onward,  having  its  typical  ridged  form. 
The  elevation  of  its  crest  is  1,091  to  1,094  feet.  It  is  composed  of  gravel 
and  sand  in  abont  equal  amounts,  interstratifled  mainly  in  level  layers, 
but  with  these  often  obliquely  laminated.  Most  of  the  gravel  is  (luite 
fine,  and  the  coarsest  gravel  found  here  has  i)ebbles  only  2  to  3  inches 
in  diameter.    About  half  of  it  is  limestone. 

.  Beach  ridge,  1  mile  farther  north,  1,094  feet;  three-fourths  of  a  mile 
north  of  the  List  and  close  south  of  a  ravine,  1,099  feet. 

Beach  about  3  miles  north  from  Lawndale  water  tank,  probably  in  the 
south  part  of  Sec.  16,  T.  136,  B.  45  (Prairie  View),  not  ridged,  but  a 
belt  25  rods  wide,  of  gravel  and  sand,  on  a  slope  of  till  that  rises  east- 
ward, 1,080  to  1,102  feet.  Beach,  a  ridge  of  gravel  and  sand,  a  third 
of  a  mile  north  from  the  last,  1,105  feet.  The  beach  in  Sec.  9  of  this 
township  is  spread  more  broadly  than  usual,  its  higher  parts  being 
1,095  to  1,107  feet.  Here  the  beach  deposits  are  crossed  obli(iuely  by 
several  broad  depressions  10  to  15  feet  deep,  running  south-soutliwest. 
The  depression  east  of  all  these  banks  of  gravel  and  sand  is  about  1,090 
feet  above  the  sea. 

Beach,  a  well  marked  ridge  of  gravel  of  the  usual  character,  in  the 
SW.^  of  Sec  4,  same  township,  1,096  to  1,098  feet,  and  at  John  Uart^s 
house,  in  the  NW.  i  of  this  Sec.  4, 1,103  feet. 

Entering  Clay  County,  the  elevation  of  this  upper  or  Herman  beach 
at  the  east  side  of  Sec.  33,  T.  137,  B.  45  (Humboldt),  is  1,100  feet  above 
the  sea.  The  land  thence  for  two-thirds  of  a  mile  east  is  low  and  smoot  Li, 
not  higher  than  the  beach.  Beyond  this  the  next  third  of  a  mile  uortli- 
eastward,  in  the  north  part  of  Sec.  34,  is  very  rocky,  with  many  bowl- 
ders ap  to  6  and  rarely  10  feet  in  diameter,  the  contour  being  moderately 
rolling  10  to  30  or  40  feet  above  the  beach.  Farther  eastward  here  and 
throngh  the  next  15  miles  north  to  the  Northern  PaciAc  llailroad,  the 
moderately  rolling  or  smoothly  hilly  till  rises  100  to  250  feet  above  this 
beach  within  the  distance  of  about  10  miles  between  it  and  the  east  line 
of  the  county. 

Elevation  of  the  beach  ridge  in  the  east  half  of  Sec.  28,  T.  137,  11.  45 
(Humboldt),  one-fonrth  to  three-fourths  of  a  mile  south  oi'  Willow 
Biver,  1,098  to  1,100  feet  In  the  3  miles  westward  to  Barnesville  the 
area  that  was  covered  by  Lake  Agassiz  shows  here  and  there  bowlders 
projecting  1  to  2  feet  above  the  surface,  which  is  till,  slightly  smoothed 
by  the  lake. 

Saint  Paul,  Minneapolis,  and  Manitoba  Bail  way,  track  at  Barnesville, 
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The  b(^ucli  for  three- fourths  of  a  mile  north  from  Willow  Biver  con- 
sistii  of  a  belt  of  gravel  and  sand,  lying  on  an  eastwardly  ascending 
slope  of  till.  Through  the  next  1 J  miles  northward,  in  the  NW.  J  of 
Sec.  22  and  in  See.  15,  T.  137,  K.  45  (Humboldt),  the  shore  of  Lake 
Agassiz  is  not  marked  by  the  usual  beach  of  gravel  and  sand,  bat  in- 
stead becomes  a  belt  of  marshy  and  springy  land  20  to  50  rods  wide, 
rising  by  a  gentle  slope  eastward,  rough  with  many  hummocks  and 
hollows,  in  some  portions  forming  a  <piaklng  bog,  in  which  horses  and 
oxen  attempting  to  cross  are  mired. 

In  the  next  2  miles  northward,  through  Sees.  10  and  3,  same  town- 
ship, the  beach  is  nowhere  well  marked  as  a  ridge,  but  is  mainly  a  belt 
of  gravel  and  sand,  lying  on  a  slope  of  till,  which  grailually  rises  30  or 
40  feet  higher  at  the  east.  The  lack  of  typical  beach  deposits  on  this 
shore  through  the  north  half  of  this  township  is  probably  due  to  its 
sheltered  situation  in  the  lee  of  islands  on  the  northwest.  The  course 
of  the  shore  currents,  determined  by  the  prevcailing  winds,  seems  to  have 
been  southward,  as  on  the  shores  of  Lake  Michigan. 

Highest  part  of  southern  island  in  the  cast  edge  of  Lake  Agassiz,  in 
the  NK.  J  of  Sec.  5,  T.  137,  R.  45  (Humboldt),  extending  northward 
into  T.  138,  Jl.  45  (Skree),  1,117  to  1,122  feet.  This  island  was  about  a 
mile  long  from  south  to  north.  Beach  on  its  west  side,  a  well  developed 
ridge  of  gravel,  near  the  middle  of  the  north  line  of  Sec.  5, 1,095  feet; 
and  for  a  third  of  a  mile  north-northwest  from  this,  1,094  to  1,096  feet.  On 
the  east  side  of  the  beach,  as  it  continues  northward,  is  a  slough  two- 
tliinls  of  a  mile  long  from  south  to  north  and  about  30  rods  wide,  1,085 
feet.  This  was  evidently  filled  by  a  lagoon,  sheltered  on  the  southeast 
by  the  islmid  and  separated  from  the  main  lake  by  the  beach.  To- 
ward the  northeast  it  widened  into  a  shallow  expanse  of  water,  8  to  15 
feet  deep,  about  lA  miles  wide,  divided  from  the  broad  lake  on  the  w^est 
by  two  islan<ls  and  this  beach,  or  bar,  which  connected  them.  Lake 
Agassiz  here  api)ears  to  have  stood  at  the  height  of  1,000  to  1,095  feet^ 

Heach  or  bar  in  the  north  part  of  Sec.  32,  T.  138,  K.  45  (Skree),  a 
broad  rounded  ridge  of  gravel,  with  pebbles  u^)  to  3  or  4  inches  in  diam- 
eter, 1,103  feet,  and  throiigh  the  next  half  mile,  in  the  south  half  of 
Sec.  29,  1,102  to  ],1()4  feet.  Along  part  of  this  distance  the  beach 
ridge  is  bounded  eastward  by  a  steeper  descent  thafn  usual,  the  land 
next  east  being  1,085  to  1,090  feet  above  the  sea.  This  beach  or  bar 
continues  northward  in  a  typical  ridge  through  Sees.  29  and  20,  same 
township. 

J>each  or  bar  at  L.  Williams's  house,  in  the  SW.  i  of  the  SE.  J  of 
Sec.  20,  same  township,  1,101  feet;  a  quarter  of  a  mile  farther  north, 
l,IOGfeet;  three-qnartersof  a  mile  north  of  Mr.  Williams's,  near  the  mid- 
dle of  the  north  line  of  Sec.  20,  1,110  fi^ot,  continuing  a  very  definite 
ridge  through  the  south  half  of  See.  17,  1,109  to  1,110  feet. 

Near  the  middle  of  this  Sec.  17  the  beach  deposit  of  gravel  and  sand 

ceases  at  the  west  side  of  the  northern  Island,  which  was  situated  in 
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the  east  half  of  this  section  and  extended  also  eiistward  in  a  long,  low 
projection  nearly  across  the  south  side  of  Sec.  IG,  and  northward  half 
way  across  Sec.  8.  Highest  part  of  this  island,  in  or  near  the  NB.  i  of 
theNW.  i  of  Sec.  17,  about  1,125  feet.  The  ohl  shore  of  the  north  half 
of  this  island  has  no  beach  ridge  nor  other  deposits  of  gravel  and  sand, 
but  is  plentifully  strewn  with  large  bowlders  up  to  5  and  10  feet  in  di- 
ameter, and  many  of  these  project  2  to  5  feet  above  the  general  surface. 
The  lake  waves  eroded  here  and  deposited  the  sand  and  gravel  gath- 
ered from  this  till  as  a  beach  a  little  farther  south. 

North  and  northeast  from  this  northern  island  a  lower  expanse, 
nearly.level  and  in  some  portions  marshy,  resembling  the  broad  Hat 
valley  of  the  Red  River,  extends  IJ  miles  to  tlu^  east  shore  of  Lake 
Agassiz,  its  height  being  1,075  to  1,090  feet,  or  10  to  25  feet  below  th(5 
surface  of  the  ancient  lake.  The  distance  between  these  ishmds  was  2 
miles,  and  the  distance  from  the  summit  of  the  first  to  that  of  the  sec- 
ond, nearly  due  north,  4  miles.  Each  of  them  rose  about  25  feet  above 
Lake  Agassiz.  The  strait  between  them  and  the  mainland  eastward 
was  10  to  20  feet  deep  and  from  1  to  li  miles  wide,  excepting  a  narrow 
place  near  the  southeast  corner  of  Sec.  16.  East  of  tlie  northern  island 
tbft  main  s^iore  of  the  lake  was  indented  by  a  bay  a  third  to  a  half  of 
a  mile  wide  and  about  10  feet  deep,  stretching  2i  miles  southeastward 
from  the  lake  at  the  northwest  corner  of  Sec.  10  to  the  west  part  o! 
Sec.  23,  same  township.  The  shore  of  the  lake  east  of  its  islands  alon;» 
this  bay  and  northwesterly  to  the  north  line  of  this  township  lack.* 
the  beach  deposits  which  elsewhere  distinguish  it. 

In  its  continuation  northwestward  the  shore  line  of  the  old  lake  run.* 
diagonally  across  Sec.  32,  T.  139,  R.45  (Ilawle}-),  where  it  again  i>rosents 
the  anomalous  character  of  a  very  springy  and  marshy  belt,  20  to  U) 
rods  wide,  rough  with  hummocks  and  in  many  places  so  dticply  miry 
that  it  is  dangerous  for  teams.  This  boggy  tract  has  a  gentle  d(\s(*ent 
westward,  its  lower  portion  being  about  1,085  feet,  and  its  iipi)er  bonier, 
very  nearly  level  across  this  entire  section,  being  1,01)8  t.)  1,100  fet»t, 
which  was  almost  exactly  the  height  of  Lake  Agassiz,  as  shown  by  its 
distinct  beach  of  gravel  and  sand  at  the  soutli  and  north.  Next  oast- 
want  rises  a  moderately  undulatin^^  slope  of  till,  strewn  with  abundant 
bowlders;  and  rarely  a  bowlder,  2  to  5  fi»et  in  diameter,  is  s(»,en  on  the 
springy  land  that  marks  the  border  of  tlie  ancient  lake. 

DELTA  OF   THE  nUFFALO  RIVKR. 

The  delta  brought  into  the  east  side  of  Lake  Agassiz  by  the  Biiil'alo 
River  extends  about  5  miles  southwestward  from  JMuskoda,  forming  a 
ex)ntinuously  descending  plain  of  stratilied  sand  and  line  grav(»l,  de- 
clining from  1,100  feet  near  Muskoda  to  1,07.*5  feet  at  its  southwestern 
limit  in  the  north  part  of  Sec.  34,  T.  130,  K.  4(»  (Uiverton).  Here  and 
northward  along  a  distance  of  3  miles  to  the  Butl'alo  River,  this  delta 
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plain  is  terminated  by  a  steep  slope  like  the  face  ot  a  terrace ;  the  oater 
))ortion  of  the  original  delta,  beyond  this  line,  has  been  carried  away 
by  the  waves  and  shore  currents  of  the  lake  when  it  stood  at  the  lower 
level  marked  by  the  Norcross  beach. 

Northern  Pacific  Railroad,  track  at  Maskoda,  1,090  feet.  Threshold 
of  church  a  quarter  of  a  mile  southeast  flrom  Muskoda  depot,  1,113 
feet.  Beach  here  and  for  a  third  of  a  mile  south  to  the  Buffalo  Biver, 
as  also  at  the  excavation  for  the  railroad,  25  rods  north  of  the  church, 
1,113  to  1,114  feet.  The  beach  here  is  35  rods  wide,  rising  14  or  15  feet 
in  a  gentle  swell  above  the  edge  of  the  delta  of  modified  drift  on  the 
west  and  descending  the  same  amount  to  the  depression  at  its  east 
side.  It  is  made  up  of  interstratified  gravel  and  sand,  the  former  pre- 
vailing, including  pebbles  up  to  3  or  4  inches  and  rarely  6  or  even  9 
inches  in  diameter,  all  water- worn.  Half  or  two-thirds  of  these  peb- 
bles are  limestone.  No  bowlders  occur  here,  nor  are  they  found  in  any 
of  the  beach  deposits  of  Lake  Agassiz. 

FROM  MUSKODA  NORTH  TO   THE  WILD  RICE  RIVER. 

Beach  in  the  next  2  miles  north  of  Muskoda,  mainly  1,113  to  1,125 
feet;  at  its  lowest  depression,  about  1  mile  north  of  Muskoda,  1,105 
feet ;  at  William  Perkins's  house,  in  the  SE.  i  of  the  SB.  i  of  Sec  30, 
T.  140,  E.  45  (Cromwell),  1,122  feet ;  an  eighth  to  a  third  of  a  mile 
south-southeast  from  Mr.  Perkins's,  1,130  feet.  A  nearly  or  quite  con- 
tinuous depression,  from  a  fifth  to  a  third  of  a  mile  wide,  lies  at  the 
east  side  of  this  beach,  declining  in  elevation  from  1,118  feet,  near  Mr. 
Perkins's  house,  to  1,100  feet  at  Muskoda.  This  distance  is  about  3  miles. 

The  surface  of  Lake  Agassiz  in  its  maximum  stage  was  at  Muskoda 
1,105  feet  very  approximately  above  our  present  sea  level.  Within  5 
to  10  miles  northward,  its  height  seems  to  have  been  1,110  to  1,115  feet 

Beach  through  the  north  half  of  Sec.  30,  T.  140,  E.  45,  1,128  to 
1,131  feet,  and  through  the  west  part  of  Sees.  19  and  18,  same  town- 
ship, 1,125  to  1,130  feet,  composed  of  sand  and  fine  gravel,  not  generally 
in  a  t}T)ical  ridge,  but  often  with  a  depression  2  to  5  feet  lower  eastward 
and  bounded  on  the  west  by  a  descent  of  about  30  feet  within  an  eighth 
of  a  mile.  A  surface  of  slightly  un(\ulating  till  rises  very  gradually 
from  this  beach  eastward. 

In  T.  139,  E.  46  (Eiverton),  and  in  Sees.  35  and  26,  T.  140,  E.  46, 
the  eroded  western  border  of  the  delta  of  Bufialo  Eiver  marks  the  shore 
of  Lake  Agassiz  at  the  time  of  the  Norcross  beach. 

In  the  west  part  of  Sec.  24,  T.  140,  E.  46,  and  for  4  miles  north- 
ward, the  Norcross  beach  lies  only  1  mile  to  a  halt  mile  west  of  the 
upper  beach  and  is  about  50  feet  lower.  The  terracelike  area  between 
these  beaches  is  strewn  with  occasional  bowlders  up  to  6,  8,  or  10  feet 
in  diameter  and  rarely  of  larger  size,  much  more  abundant  than  upon 
ghe  average  surface  of  the  till  in  this  region,  indicating  that  the  surface 
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there  has  been  considerably  eroded  by  the  waves  of  the  lake.  The 
largest  bowlder  seen  in  Clay  County  lies  about  50  rods  west  of  the  up- 
per beach,  in  or  near  Sec.  12,  T.  140,  B.  46.  Its  dimensions  are  15  by 
12  by  5  feet  and  its  top  is  1,095  feet  above  the  sea.  It  is  gneiss,  mi- 
nately  porphyritic,  with  white  feldspar  crystals  up  to  an  eighth  or  a 
quarter  of  an  inch  long. 

The  elevation  of  the  foot  ot  the  western  slope  of  the  upper  or  Her- 
man beach  along  the  north  part  of  the  east  line  of  T.  140,  E.  46,  is  1,095 
to  1,100  feet  Crest  of  the  Norcross  beach  in  Sec.  12,  T.  140,  E.  46,  6 
miles  north  of  Muskoda,  1,080  feet,  and  along  the  distance  of  3  miles 
through  Sees.  13, 12,  and  1,  it  varies  from  1,075  to  1,085  feet.  In  Sec. 
31,  T.  141,  R.  45  (Keen),  its  height  is  1,085  feet.  Like  the  Herman 
beach,  it  is  a  low,  smoothly  rounded  ridge  of  gravel  and  sand,  usually 
having  a  depression  of  3  to  5  feet  or  more  at  its  east  side. 

Upper  or  Herman  beach  at  a  high  portion  in  or  near  the  SE.  ^  of  Sec. 
1,  T.  140,  E.  46, 1,136  feet.  For  a  mile  next  south  from  this  point,  it  is  a 
finely  rounded  ridge  of  gravel  rising  northward  from  1,130  to  1,136  feet. 
The  depression  at  its  east  side  is  4  to  6  feet  lower;  then  the  surface  gently 
rises  at  a  quarter  to  a  third  of  a  mile  from  the  beach  to  1,135  or  1,140 
feet,  beyond  which  eastward  this  nearly  level  but  slightly  undulating 
expanse  of  till  rises  only  5  or  10  feet  a  mile. 

Beach  a  fourth  of  a  mile  north-northeast  from  the  high  point  men- 
tioned, probably  in  the  NW.  i  of  Sec.  6,  T.  140,  E.  45  (Cromwell),  1,128 
to  1,127  feet.  This  is  an  ordinary  beach  ridge  of  gravel  and  sand,  with 
a  depression  of  2  or  3  feet  next  east 

Near  the  south  line  of  Sec.  29,  T.  141,  E.  45  (Keen),  both  the  Herman 
and  Norcross  beaches,  here  about  two-thirds  of  a  mile  apart,  are  inter, 
sected  by  a  watercourse.  At  its  north  side  the  upper  or  Herman  beach, 
near  the  east  line  of  Sec.  29  and  in  the  KW.  J  of  Sec  28,  consists  of  two 
well  marked  ridges  of  gravel  and  sand,  some  30  rods  apart  and  about 
10  feet  above  the  land  eastward  and  between  them.  These  ridges  unite 
in  or  near  the  SW.  i  of  the  SW.  J  of  Sec.  21,  at  the  height  of  1,130  to 
1,132  feet 

Beach  three-fourths  of  a  mile  farther  north,  probably  near  the  north 
line  of  Sec.  21,  a  typical  gravel  ridge,  1,134  feet,  10  feet  above  the  land 
next  east ;  but  a  sixth  of  a  mile  farther  northeast  this  beach  ridge  is 
depressed  to  1,123  feet 

A  lower  beach,  contemporaneous^  with  the  Herman  beach  farther  south, 
but  formed  when  the  surface  of  the  lake  in  this  latitude  had  fallen  slightly 
from  its  highest  level,  is  finely  exhibited,  at  a  distance  of  one- third  to 
two-thirds  of  a  mile  west  from  the  npper  beach,  through  the  4  miles 
firom  the  south  side  of  Sec.  20  to  the  northeast  corner  of  Sec.  4,  same 
township.  The  elevation  of  this  secondary  beach  in  the  south  part  of 
Sec  20  is  1,116  feet;  thence  to  a  stream  near  the  east  line  of  the  SE.  J 
of  Sec  17, 1,118  to  ljl23  feet;  at  each  side  of  this  stream,  1,118  feet; 
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northward,  in  the  northwest  i>art  of  Sec.  16  and  in  the  SW.  J  of  Sec  9, 
1,H8  to  1,121  feet;  and  in  the  north  part  of  Sec.  9, 1,121  to  1,127  feet 

The  elevation  of  the  upper  beach  iuT.  141,  E.  45  (Keon),  1,123  to  1,137 
feet,  shows  that  the  height  of  Lake  Agassiz  here,  during  its  maximum 
stage,  was  about  1,120  feet.  The  secondary  beach  was  made  by  the  lake 
after  it  had  fallen  6  to  10  feet. 

Surface  of  ground  at  Christian  Sether's  house,  in  the  SW,  J  of  Sec  10, 
1,129  feet.  Upper  beach  through  the  west  part  of  this  Sec  10, 1,130  to 
1,137  feet,  increasing  in  height  from  south  to  north.  This  is  a  typical 
beach  ridge  of  gravel,  with  a  rather  abrupt  descent  on  its  east  side  to 
land  C  or  8  feet  lower,  which  thence  ascends  with  a  slightly  Hudulating 
surface  eastward. 

Upper  beach  in  Sec  3,  same  township,  1,134  to  1,137  feet,  10  feet  above 
the  land  next  east.  Secondary  beacli,  i)arallel  with  this  and  about  three- 
fourths  of  a  mile  distant  to  the  northwest,  in  Sees.  4  and  34,  1,123  to 
1,127  feet,  being  thus  10  feet  lower  than  the  highest  parts  of  the  eastern 
beach.  Extensive  sloughs,  inclosing  lakelets,  lie  between  these  beaches 
in  Sees.  34  and  35,  T,  142, 11. 45  (Hagen),  at  an  elevation  of  1,115  to  1,120 
feet,  but  sinking  northward  to  1,105  feet.  The  8eex)ndary  beach  c5on- 
tinues  to  the  northeast  corner  of  Scic.  20,  declining  in  height  northeast- 
ward as  it  approaches  the  South  Branch  of  the  Wild  Eice  River,  being 
at  1,125  to  1,115  feet. 

Ui)per  beach  in  Sec.  35  and  in  the  south  x)art  of  Sec.  25y  T.  142,  R. 
45, 1,140  to  1,142  feet.  This  is  a  typical  beach  ridge  of  sand  and  gravel, 
about  30  rods  wide,  with  the  land  next  southeast  5  to  8  feet  lower,  and 
divided  from  the  secondary  beach  northwesterly  by  a  slough  about  1 
mile  wide,  this  slough  being  at  1,115  to  1,105  feet. 

Beach  at  B.  O.  Ilelde's  house,  in  the  south  half  of  the  SW.  J  of  Sec. 
30,  T.  142,  E.  44  (Ukn),  1,138  feet.  The  flat  expanse  of  the  Red  River 
Valley  reaches  east  on  th(».  South  Branch  of  the  Wild  Rice  River  to  Sec 
IG,  T.  142,  H.45(rTagen),  probably  being  there  about  975  feet  above  the 
sea,  or  IGO  feet  below  this  upper  beach  of  Lake  Agassiz,  4  or  5  miles 
southeast. 

Beach  through  Sees.  30  and  29,  T.  142,  R.  44  (Ulen),  extending  l.J 
miles  east-northeast  from  Mr.  llelde's  to  the  South  Branch  of  the  Wild 
Eice  Eiver,  in  a  low,  gently  rounded  ridge  of  gravel,  30  rods  wide,  5  to 
8  feet  above  the  firea  of  till  next  southeast  and  about  15  feet  above  the 
surface  close  at  its  northwest  side,  1,138  to  1,142,  mostly  1,140,  feet. 

Beach  at  Nels  Wiger's  house,  prot)al)ly  in  the  XW.  -\  of  Sec.  28,  1,133 
feet;  about  40  rods  west  from  this,  1,140  feet. 

South  Branch  of  Wild  Eice  Eiver,  in  the  SW.  \  of  Sec.  21,  same  town- 
ship,  1,095  feet. 

Beach,  a  typical  gravel  ridge,  m  or  near  the  west  half  of  Sec.  10,  a 
half  mile  to  l.J  miles  north  of  the  South  Branch,  1,140  to  1,143  feet; 
surface  of  till  an  eighth  to  a  quarter  of  a  mile  next  east,  1,135  feet. 
Farther  east  the  slightly  or  moderately  undulating  expanse  of  till  has 
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an  average  ascent  of  about  10  feet  a  milo  for  15  miles  to  the  base  of 
the  high  land  at  the  White  Earth  Agency,  which  is  dimly  visible,  blue, 
close  to  the  horizon.  Westward  the  surface  gradually  descendn  to  the 
li^orcross  beach,  nearly  00  feet  lower,  which  is  the  farthest  land  in  sight 
in  that  direction,  about  3  miles  distant,  beyond  which  lies  the  flat  Ked 
River  Valley. 

Beach,  a  well  djefined  ridge,  in  Sees.  9  and  4,  T.  142,  E.  U  (Ulen),  1,139 
to  1,144  feet. 

Entering  Norman  County,  an  unusually  high  portion  of  the  beach  is 
found  in  or  near  the  SE.  J  of  the  SE,  J  of  Sec.  33,  T.  143,  R.  44  (Home 
Lake),  having  its  crest  at  1,149  feet.  It  holds  this  elevation  for  an  extent 
of  some  20  rods,  on  each  side  of  which  its  height  is  mostly  from  1,139 
to  1,145  feet.  Its  material  is  coarse  gravel,  principally  limestone,  with 
pebbles  up  to  4  and  6  inches  in  diameter.  Surface  close  east  of  this 
beach,  1,137  feet.  A  slight  swell  above  the  general  descending  slope 
westward,  about  2  miles  distant,  has  a  height  very  nearly  1,125  feet. 
This  may  be  the  continuation  of  the  secondary  beach  that  was  seen 
in  T.  141,  K.  45  (Keen).  It  hides  the  view  farther  west,  except  from 
the  highest  x>oint  of  the  beach  (1,149  feet),  where  the  distant  belts  St 
timber  along  the  Eed  and  the  Wild  Kice  Bivers  are  visible. 

Beach  at  J.  T.  Huseby^s  house,  in  the  SW.  J  of  the  NW.  J  of  Sec. 
26,  T.  143,  B.  44  (Home  Lake),  1,147  feet;  through  IJ  miles  next  north, 
in  the  NW.  J  of  Sec.  26  and  the  west  part  of  Sec.  23,  forming  a  broad, 
low  ridge  of  gravel  and  sand,  1,145  to  1,149  feet. 

Id  or  near  Sees.  17  and  16,  T.  143,  B.  43  (Flom),  a  prominent  mas- 
sive hill,  called  ^'Frenchnian's  Bluff,'' of  somewhat  irregular  form,  com- 
posed of  morainic  till,  rises  150  feet  or  more  above  this  beach. 

Through  the  W.  J  of  the  NW.  J  of  Sec.  14,  T.  143,  B.  44  (Home  Lake), 
the  beach  is  mostly'  a  typical  gravel  ridge,  with  its  crest  at  1,147  to 
1,152  feet.  In  the  NW.  J  of  Sec.  11,  same  township,  it  curves  north- 
eastward and  attains  an  unusually  massive  development,  its  crest  be- 
ing at  1,150  to  1,158  feet«  rising  15  feet  above  the  land  next  southea.st 
and  30  feet  above  the  border  of  the  area  of  Lake  Agassiz  at  its  north- 
west side. 

Beach,  a  well  marked  gravel  ridge  near  the  southwest  corner  of  Sec. 
1,  same  township,  1,156  feet,  and  an  eighth  of  a  mile  east-northeast 
from  this,  1,150  feet 

J.  G.  AurdaPs  honse,  foundation,  in  the  NW.  J  of  the  NE.  J  of  Sec.  G, 
T.  143,  E.  43  (Flom),  1.148  feet.  This  is  situated  on  the  beach,  whicli 
here  is  a  deposit  of  gravel  and  sand  8  feet  or  more  in  depth,  lying  upon 
a  slope  of  till  that  ascends  southeastward. 

Anton  Johnson's  store,  foundation,  on  this  beach,  in  the  SE.  \  of  the 
SB.  i  of  Sec.  31,  T.  144,  B.  43  (Fosum),  1,142  feet. 

Creek  flowing  northwesterly  between  the  last  two,  about  1,105  feet. 

WUd  Bice  Biver,  2  miles  north  of  Johnson's  store,  approximately 
1,076  feet 
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Secondary  Herman  beach,  a  well  marked,  broad,  smoothly  rounded 
gravel  ridge,  extending  from  southwest  to  northeast,  crossed  by  the 
township  line  road  at  the  north  side  of  the  NB.  i  of  the  NW.  ^  of  Sde. 
2,  T.  143,  E.  44  (Home  Lake),  1,137  feet  It  is  aboat  30  rods  wide  and 
rises  5  to  10  feet  above  the  depression  at  its  southeast  side. 

FBOM  THE  WELD  BIOS  BIYBB  lYOBTH  TO  MAPLB  LAKE. 

A  broad  belt  of  timber  borders  the  Wild  Bice  Blver,  lying  mostly  on 
Its  north  side,  in  T.  144,  B.  43  (Fosum),  and  T.  144,  B.  44  (Wild  Bice), 
and  at  the  time  of  this  survey,  in  1881,  no  road  nor  bridge  afforded  a 
crossing  here.  Therefore  this  series  of  levels  was  resumed  north  of  thfr 
Wild  Bi6e  Biver  by  starting  from  Bolctte  Station  of  the  Saint  PaoU 
Minneapolis  and  Manitoba  Bailway,  800  feet  above  the  sea,  near  the 
middle  of  Sec.  17,  T.  146,  B.  46  (Lockhart),  about  1^  miles  north  of  the 
Lockliart  farm.  Proceeding  eastward  from  this  point,  the  first  observa- 
tions of  the  upper  beach  were  in  T.  145,  B.  43  ( Waukon) ;  T.  146,  B.  44 
(Sundal) ;  and  T.  147,  B.  44  (Garfield). 

iTbis  beach  is  intersected  by  the  Wild  Bice  Biver  near  the  middle  of 
T.  144,  B.  43  (Fosum),  and  thence  it  passes  north-northwesterly  through 
the  west  part  of  T.  145,  B.  43  (Waukon).  In  Sees.  7  and  6,  same  town 
ship,  it  is  a  low  smooth  ridge  of  gravel  and  sand  about  25  rods  wide, 
rising  5  to  10  feer.  In  the  west  half  of  this  Sec.  G  and  in  Sec.  36,  T. 
11(>,  B.  44  (Suiidal),  the  old  Pembina  trail  lies  on  it. 

About  2  miles  west  of  the  upper  beach,  a  sccoiMlary  Herman  beach, 
of  similar  mtiterial  and  contour,  probably  20  feet  lower,  wais  observed  a 
few  rods  east  of  the  stake  at  the  middle  of  the '  north  side  of  Sec.  14,  T* 
115,  11.  4 1  (Strand),  liJiving  a  height  of  0  to  8  feet  above  its  base,  with  a 
smaller  ridge  of  sand  and  gravel,  3  feet  high  above  its  base,  close  west 
of  this  stake.  Again,  a  half  mile  farther  west,  in  the  northeast  corner 
of  Sec.  15,  same  township,  another  ricrman  beach,  i)robably  10  feet  be- 
low the  last,  was  noted,  having  a  height  of  4  or  5  feet  above  its  biise. 

Traveling  northwestward  along  the  Pembina  trail,  the  upper  beach 
ridge  was  not  distinctly  observed  after  leaving  Sec.  30,  T.  146,  B.  44 
(Snndal),  until  it  is  again  occupied  by  the  trail  in  Sec.  0  of  this  town- 
sliii).  The  intervening  3  miles  are  flat  and  nearly  level.  Probably  the 
beach,  less  noticeable  than  usual,  lies  within  a  half  or  1  mile  east  of  the 
trail  here.  In  the  eastern  part  of  Sec.  9  this  beach  is  about  25  rods  wide, 
rising  5  feet  IVom  its  east  side  and  descending  10  feet  to  its  western  base, 
which  was  the  margin  of  Lake  Agassiz. 

Thence  the  upper  beach  extends  nearly  due  north  through  the  east 
edge  of  Sec.  4,  same  township,  and  Sec.  33,  T.  147,11.44  (Garfield).  In  the 
east  edge  of  the  SB.  J  of  Sec.  28  and  the  west  edge  of  the  NW.  J  of  Sec 
27,  T.  147,  B.  44,  it  is  a  typical  ridge  of  gravel  and  sand,  with  its  crest 
1,1  CO  to  1,173  feet  above  the  sea.  There  is  a  gradual  descent  toward  the 
west.    The  depression  on  the  east  is  a  sixth  to  a  fourth  of  a  mile  wide^ 
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sinking  6  to  10  feet  below  the  beach.  Farther  eastward  the  land  is 
moderately  undulating  till,  rising  20  to  30  feet  above  the  beach  and 
bearing  frequent  groves  of  small  poplars^  bur  oak^  and  canoe  birch. 

Water  in  Sand  Hill  Biver,  at  the  ford  of  the  old  Pembina  trail,  in  the 
west  part  of  Sec.  28,  T.  147,  B.  44j  ordinary  low  stage,  July  26,  1881, 
1,071  feet. 

Even  Grodvig's  house  threshold,  at  the  top  ot  the  bluff  north  of  this 
ford,  in  the  north  half  of  the  NW.  J  of  this  Sec.  28,  1,136  feet. 

When  Lake  Agassiz  stood  at  its  greatest  height,  the  Sand  Hill  Biver 
brought  into  its  margin  a  delta  6  miles  long  from  south  to  north  and 
3  miles  wide,  reaching  from  the  upper  beach  to  the  west  side  of  T.  147, 
B.  44  (Garfield),  and  T.  146,  B.  44  (Sundal).  This  westwardly  sloping 
deposit  of  stratified  gravel  and  sand  has  about  an  equal  area  and  thick. 
ness  with  the  delta  of  the  Bufifalo  Biver  at  Muskoda.  Upon  this  delta 
plain  dunes  have  been  heaped  up  by  the  winds,  probably  before  vege- 
tation had  sprea<l  over  this  area  after  the  withdrawal  of  the  glacial  lake. 

In  the  south  half  of  Sec.  32,  T.  147,  B.  44*(Garfield),  and  in  a  belt 
which  thence  extends  approximately  north  and  south,  the  sand  ot  this 
delta,  as  originally  deposited,  rises  eastward  with  a  slope  ot  25  or  3& 
feet  in  1  mile,  from  1,100  to  1,125  or  1,130  feet  above  the  sea.  Beneath 
this  plane,  however,  channels  have  been  eroded  by  the  winds  and  sand- 
hills 25  to  75  feet  above  it  have  been  blown  up  in  irregular  gronps  and 
series,  scattered  over  a  tract  about  a  mile  wride  and  extending  3  or  4 
miles  southward  from  the  Sand  Hill  Biver,  in  Sec.  29,  the  northeast  part 
of  Sec.  30,  and  in  Seodt  31  and  32,  T.  147,  B.  44  (Garfield),  and  rcacliiiig 
southward  in  Sees.  5  and  8,  T.  140,  B.  44  (Sundal).  The  most  southern 
of  these  hills  is  an  isolated  groap  in  the  east  part  of  the  NE.  ^  of  Sec. 
18,  T.  146,  B.  44  (Sundal).  Another  isolated  gronp  lies  north  of  the 
Sand  Hill  Biver,  in  the  NW.  J  of  Sec.  16,  T.  147,  B.  44  (Garfield).  These 
sand  dunes  are  in  part  bare,  being  so  frequently  drifted  by  the  winds  ius 
to  allow  no  foothold  for  v#getation;  other  portions  are  clothed  with 
grass  or  with  bushes  and  scanty  dwarfed  trees,  including  bur  oak,  the 
common  aspen  or  poplar,  cotton  wood,  green  ash,  black  cherry-,  and  the 
frost  grape. 

Elevations  of  the  highest  points  of  these  dunes,  in  order  from  south 
to  north,  are  approximately  1,190, 1,180,  and  1,200  feet.  Tlui  highest 
dune  api)ears  to  be  in  or  near  the  east  half  of  the  iN'R.  j  of  Sec.  30,  T. 
147,  B.  44  (Garfield). 

Secondary  Herman  beach,  a  smoothly  rounded  ridge  of  gravel  and 
sand  10  to  15  feet  high  above  the  adjacent  level,  1,148  to  1,153  feet  above 
the  sea,  about  three-fourths  of  a  mile  east  of  the  old  Pembina  trail,  in 
the  west  half  of  Sees.  21  and  16,  T.  147,  U.  44  (Garfield),  extending  li 
miles  north  from  the  Sand  Hill  Biver  to  the  cluster  of  dunes  in  the 
N  W.  i  of  Sec.  16. 

Upper  Herman  beach,  the  first  of  the  series  which  was  here  formed 
oontemporaneously  with  the  single  Herman  beach  farther  south,  run- 
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niDg  approximately  from  soath  to  north  through  or  near  the  northeast 
corner  .of  Sec.  4,  T.  147,  B.  44  (Garfield),  a  smooth  gravel  ridge,  in  some 
parts  hidden  by  scattered  groves,  1,1G5  to  1,175  feet  Farther  east  is 
a  large  area  of  woodland.  Second  Herman  beach,  in  the  east  part  of 
Sec.  5,  same  township,  and  Sec.  32,  T.  14d,  R.  44  (Oodfroy),  abont  a  mile 
west  from  the  upper  beach,  1,149  to  1,153  feet ;  this  is  a  ridge  of  gravel 
and  sand,  about  40  rods  wide,  with  very  gentle,  prolonged  slopes  toward 
both  the  east  and  the  west.  Natural  surface  at  the  northeast  corner  of 
Sec.  32,  T.  148,  li.  44  (Godfrey),  1,146  feet.  Third  Herman  beach,  mn- 
uing  north,  in  the  NW.  i  of  Sec  5,  T.  147,  R.  44  (Garfield),  and  the  west 
part  of  Sec.  32,  T.  14S,  R.  44  (Godfrey),  a  half  or  two-thirds  of  a  mile 
west  from  the  last,  1,130  to  1,135  feet,  consisting  of  a  distinct  ridge  in 
its  southern  part,  but  farther  north  beiug  a  fiat  area  of  gravel  and  sand 
slightly  elevated  above  the  land  next  east 

Second  Herman  beach,  a  broad  low  ridge  of  gravel  and  sand,  extend- 
ing north-northeast  through  Sec.  28,  T.  148,  R.  44  (Godfrey),  from  its 
southwest  corner  to  its  norlh  line,  1,148  to  1,150  feet  The  northward 
continuation  of  this  beach  is  a  low,  flattened  ridge,  the  western  one  of 
two  parallel  ridges  of  gravel  below  that  of  the  upper  betich,  extending 
northeasterly  and  northerly  through  or  near  the  west  edge  of  Sec  10, 
same  township,  1,150  to  1,154  feet.  Through  the  next  3  miles  in  Sec 
3,  same  township,  and  in  the  east  part  of  Sees.  35  and  2G  and  the  NW. 
4  of  Sec.  25,  T.  140,  R.  44  (Tilden),  it  is  a  prominent  beach  ridge,  with 
its  crest  at  1,153  to  1,161  feet,  somewhat  steep  on  its  east  side,  which 
descends  abo^it  10  feet  to  a  belt  of  lowland  and  marsh  that  divides  it 
from  the  parallel  beacli  a  quarter  to  a  third  of  a  mile  east. 

The  eastern  of  these  parallel  beach  ridges  is  only  8  or  1 0  feet  below  the 
average  elevation  of  the  upper  beach.  It  x)robably  marks  a  slight  fall  in 
the  water  surfiice  at  this  latitude ;  but,  as  no  corresponding  beach  forma- 
tion has  been  observed  in  Dakota,  it  is  neglected  in  the  foregoing  table 
of  elevations  of  the  beaches  of  Lake  Agassiz.*  It  is  clearly  continuous 
8  miles,  the  first  4  miles  extending  northerly  and  the  next  4  miles  east- 
erly. These  parts  are  connected  in  Sec.  25,  T.  140,  R.  44  (Tilden),  by  a 
graceful  curve,  that  portion  of 'this  beach  and  its  extent  thence  eait- 
wjird  being  known  as  the  "Attix  ridge,"  from  Ilenry  and  William  Attix, 
brothers,  who  have  built  their  houses  upon  it.  In  its  northward  course, 
nearly  through  the  middle  of  Sees.  10  and  4,  T.  148,  R.  44  (Godfrey), 
its  crest  is  at  1,158  to  1,1G3  feet ;  in  the  west  edge  of  Sec.  3G,  T.  149,  R. 
44  (Tilden),  and  along  its  curved  course  to  the  northeast  and  east  at  the 
west  and  north  sides  of  Sec.  25  and  in  the  southeast  part  of  Sec.  24, 
same  township,  1,103  to  1,168  feet,  and  in  Sees.  21  and  22,  T.  149,  R.  43 
(Grove  Park),  1,171  to  1,173  feet.  Slougii,  a  third  to  a  naif  of  a  mile 
wide,  extending  along  the  east  side  of  this  bejuih,  in  Sec.  3,  T.  148,  R- 
44  (Godfrey),  and  in  the  southeast  part  of  T.  149,  R.  44  (Tilden),  1,155  to 
1,160  feet 
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Upper  beach  in  the  8W.  i  of  Sec.  11,  T.  148,  R.  44  (Godfrey),  forming 
a  plain  of  stratified  gravel  and  sand  a  quarter  or  a  third  of  a  mile  wide 
fh)m  east  to  west,  1,168  to  1,173  feet.  This  beach  near  the  south  side 
of  Sec.  11  becomes  a  distinct  gravel  ridge  of  the  usual  character,  about 
25  rods  wide,  with  its  crest  at  1,173  feet,  bordered  by  a  slough  20  to  40 
rods  wide  at  its  east  side.  About  a  third  of  a  mile  farther  southeast 
and  some  50  rods  west  of  the  southwest  extremity  of  Maple  Lake, 
in  Sec.  14,  same  township,  the  elevation  of  thi^  beach  ridge  is  1,175  to 
1,178  feet 
.   Maple  Lake,  water  surface  July  28, 1881,  1,169  feet. 

npi>er  beach,  top  of  its  well  marked  gravel  ridge  in  the  ea^t  edge  of 
the  NB.  i  of  the  NB.  J  of  Sec.  3,  T.  148,  R.  44  (Godfrey),  about  20  rods 
north  of  Mr.  Horton's,  1,180  feet. 

Beyond  this  point,  through  its  next  2^  miles,  curving  from  a  north- 
ward to  a  northeastward  and  eastward  course,  this  upper  beach  of 
Lake  Agassiz  is  magnificently  exhibited,  forming  a  massive,  gently 
rounded  ridge  of  gravel  and  sand  about  30  rods  across,  with  its  crest 
1,178  to  I9I86  feet  above  the  sea.  It  is  bordered  on  its  southeast  side 
by  a  tract  of  slightly  undulating  till  10  to  15  feet  lower,  mostly  cov- 
ered with  small  timber  and  brush  and  holding  frequent  sloughs  and 
lakelets  in  its  depressions.  The  top  of  the  beach  is  not  wooded,  but 
small  trees  and  bushes  encroach  upon  its  slopes.  A  road  extends  along 
the  crest  of  its  curving  portion  for  a  distance  of  about  1  mile  through 
Sec.  36,  T.  149,  B.  44  (Tilden). 

The  marsh  which  borders  the  northwest  side  of  the  northeast  part  of 
Maple  Lake  shows  a  descent  of  5  to  7  feet  northwestward,  or  away  from 
the  lake,  in  its  width  of  1  to  1^  miles  Maple  Lake  is  prevented  from 
flowing  in  this  direction  by  a  beaver  dam  near  the  lake.  Creek  drain- 
ing this  marsh  where  it  intersects  the  upper  beach  near  the  east  line  of 
the  NB.  i  of  Sec.  27,  T.  149,  R.  43  (Grove  Park),  1,103  feet.  Here  the 
beach  skirting  the  north  side  of  the  marsh  is  a  flat  deposit  of  gravel 
and  sand,  a  fourth  to  a  half  of  a  mile  or  more  in  width,  Jiiighest  next  to 
the  marsh,  above  which  it  rises  5  to  8  feet  in  a  moderate  slope.  Its  ele- 
vation  in  the  north  half  of  Sees.  26  and  27  is  1,109  to  1,172  feet,  being 
even  1  or  2  feet  lower  than  the  Attix  ridge,  which  lies  some  two-thirds 
of  a  jnile  farther  north,  in  the  south  half  of  Sees.  21  and  22.  This  belt 
of  beach  gravel  and  sand  contiiuies  6  miles  in  a  nearly  due  east  course, 
and  beyond  that  it  extends  still  eastward  along  the  north  side  of  a  great 
tamarack  swamp,  which  begins  in  Sec.  34,  T.  149,  E.  42,  and  is  said  to 
be  8  miles  long.  Maple  Lake  and  this  tamsirack  swamp  hold  the  same 
relation  to  the  upper  beach  ridge,  which  was  a  barrier  between  them 
and  Lake  Agassiz  and  which  now  wholly  or  partially  obstructs  the 
drainage  of  these  areas. 

Third  Herman  beach,  a  small  ridge  of  gravel  and  sand,  extending 
from  southwest  to  northeast,  8  to  10  rods  wide  and  rising  4  or  5  feet, 
Orossed  by  the  Orookston  road  in  the  SW.  ^  of  Sec.  23,  T.  149,  E.  44 
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(Tildou),  nud  seen  to  reach  at  least  a  mile  each  way  from  this  road,  1,140 
t(^  1,149  feet. 

Natural  surface  at  the  southeast  coraer  of  Sec  15,  same  township, 
1,134  feet. 

Fourth  llermau  beach,  crossed  by  road  to  Grookston  and  Bed  Lake 
Falls  near  the  center  of  the  SE.  i  of  this  2Sec.  15, 1,133  to  1,134  feet. 
This  is  a  well  marked  gravel  ridge,  mainly  single,  but  twofold  where  it 
is  crossed  by  this  road.  The  distance  of  1  mile  here  between  these 
third  and  fourth  Herman  beaches  consists  of  till,  with  a  nearly  smooth 
surface,  which  has  bowlders  up  to  3  and  rarely  5  feet  in  diameter  quite 
numerously  scattered  over  it.  Southeastward  from  the  third  to  the  first 
or  upper  beach  the  surface  mostly  is  modified  drift,  with  no  bowlders. 

Four  to  five  miles  north  from  the  fourth  Herman  beach  the  road  to 
Eed  Lake  Falls  crosses  the  Norcross  beach  in  Sec.  27,  T.  150,  B.  44 
(Lake  Pleasant),  where  it  is  a  belt  of  gravel  and  sand  about  a  half  mile 
wide,  extending  fix>in  west-southwest  to  east-northeast,  at  an  elevation 
of  1,083  to  1,095  feet. 

THE  UPPER  OR  HERMAN  BEACH  IN  DAKOTA. 

[Soo  the  accompanying  map,  Plate  I.] 

FROM  LAKE  TRAVERSE  NORTHWEST  TO  MILNOB. 

» 

From  the  south  extremity  of  Lake  Agassiz,  in  Sec.  18,  T.  125,  B.  45 
(Leoiianlsville),  Traverse  County,  Minn.,  the  upper  or  Herman  beach 
extends  northwest  ward  75  miles  to  the  most  southern  bend  of  the 
Sheyennc  IJiver  in  Iviinsom  County,  DakotJi,  and  thence  its  course 
is  nearly  due  north,  but  with  slij^ht  dellectiou  westward,  to  the  inter- 
national boundary.  The  mouth  of  Lake  Agassiz  was  where  now  a 
slough  2  to  3  mikvs  wide,  with  frequent  areas  of  open  water,  stretches 
northward  from  the  northeast  end  of  Lake  Traverse.  On  the  west  side 
of  this  sloufjh  and  of  Lake  Traverse  bluff's  of  till  rise  100  to  125  feet; 
their  tops  and  the  rolling  surface  of  till  which  extends  thence  west- 
ward arc  1,070  to  1,100  feet  above  the  sea. 

The  beginuing  of  the  upper  or  Herman  beiich  in  Dakota  is  in  Sees. 
10,  3,  and  4,  T.  12S,  li.  48,  nearly  2  miles  south  from  the  north  line  of 
th(^  Sisseton  and  Wahi)eton  reservation.  It  rises  with  terracelike 
steepness  20  or  30  feet  above  the  surface  of  undulating  till  which  bor- 
ders it  on  the  northeast.  Its  material  is  sand  and  gravel,  with  pebbles 
np  to  l.i  or  2  incthes  in  diameter,  about  half  of  which  are  limestone. 
J5eyond  its  steep  margin  this  deposit  of  beach  gravel  forms  a  belt 
about  a  mile  wide,  aj)proximately  level,  but  with  frequent  short  swells 
and  low  Jlattened  ridges  5  to  10  or  15  feet  above  the  intervening  de- 
pressions. Its  elevation  is  1,060  to  1,070  feet  above  the  sea,  or  from 90 
to  100  feet  above  Lake  Traverse. 
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For  its  first.3  or  4  miles  the  terracelike  margiu  of  the  beach  sweeps 
with  a  gentle  carve  westerly  and  northerly  to  a  iK)int  iu  the  SW.  ^  of 
Sec  34,  T.  120,  B.  48,  where  it  turns  quite  abruptly,  taking  a  nearly  due 
west  coarse  for  the  next  3  miles  to  the  west  side  of  Sec.  31  of  this 
township. 

In  the  NW.^of  Sec.  3,  T.  128,  K.  48,  a  third  of  a  mile  east  of  W.  J. 
Allen's  house,  the  ascent  at  the  beach  margin  is  about  10  feet  to  an  eie- 
-ration  of  1,0G0  feet,  approximately.  The  belt  of  sand  and  fine  gravel 
is  here  about  a  half  mile  wide.  Occasional  hummocks,  rising  5  to  10 
ftet  and  50  to  100  feet  long,  which  wore  observed  on  this  part  ot  the 
beach,  appear  to  have  been  heaped  up  by  the  wind  before  the  protect- 
ing mantle  of  grass  and  other  vegetation  was  spread  over  it.  In  the 
SE.  i  of  Sec  32,  T.  120,  B.  48,  similar  dunes,  1,075  to  1,080  feet  above 
the  sea,  have  been  excavated  for  use  as  plastering  sand.  Nearly  all 
portions  of  this  beach  and  even  its  dunes  are  now  covered  with  a  black 
soil  and  plentiful  vegetation ;  but  certain  species  preferring  dry  au<l 
sandy  soil,  as  the  dwarf  rose,  grow  in  greater  abundance  on  the  beach, 
and  especially  among  its  hummocks  and  hollows,  than  on  the  Hat  or 
slightly  undulating  surface  of  till  at  each  side. 

The  margin  of  this  Herman  beach,  marking  the  shore  of  Lake  Agassiz 
at  its  maximum  stage,  passes  in  its  western  course  about  GO  rods  north 
of  the  southeast  comer  of  Sec.  32  and  turns  again  to  the  northwest  near 
the  middle  of  the  west  side  of  Sec.  31,  T.  120,  B.  48.  At  the  latter 
locality  it  is  a  low  wavelike  ridge  of  sand  and  fine  gravel,  about  1,060 
feet  above  the  sea.  On  the  south  it  is  bordered  by  laud  3  to  5  feet  lower 
for  a  width  of  one  and  a  half  miles.  J.  B.  Grimesey\s  well,  1 3  feet  deep, 
.  at  the  southwest  corner  of  Sec.  31,  on  this  low  tract  outside  the  beach 
ridge,  encoantered  only  very  fine  stratified  sand,  irregularly  laminated 
and  containing  numerous  tubular  limonitic  concretions.  Farther  to 
the  southwest  and  west,  a  gently  undulating  surfa<5e  of  till,  scarcely 
higher  than  the  beach  of  Lake  Agassiz,  stretches  away  several  miles, 
b^ond  which  the  highland  of  the  Ooteau  des  PrairieR  is  seen  iu  the  far 
distance. 

The  Herman  beach  crosses  T.  129,  B.  49,  in  a  diagonal  course,  enter- 
ing it  a  half  mile  north  of  its  southeast  corner  and  running  northwest 
to  the  north  side  of  Sees.  5  and  G.  In  Sec.  23  and  the  northeast  part 
of  Sec.  22,  its  elevation  is  about  1,055  feet;  but  its  dunes  rise  3  or  4 
£eet  higher.  At  the  middle  of  the  north  side  of  Sec.  16,  on  the  line  be- 
tween Boberts  and  Bichland  Counties,  it  is  a  ridge  of  sand  and  fine 
gravel  about  8  rods  wide,  rising  4  to  6  feet  above  the  land  on  each 
side.  Its  crest  here,  and  for  a  mile  to  the  southeast  and  northwest,  is 
1,060  to  1,065  feet  above  the  sea.  Northeastward  the  surface  falls  about 
20  feet  in  the  first  mile.  On  the  southwest  side  of  this  distinct  beach 
ridge,  a  smooth,  slightly  undulating  tract  1^  to  2  miles  wide,  extend- 
ing through  this  township,  consists  of  sand  and  fine  clayey  silt.  Its 
elevation  varies  from  1.055  to  1,080  feet,  attaining  the  latter  height  in 
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the  northwest  part  of  the  towuship.  This  belt,  with  its  coutinaation 
southeastward^  previously  described,  was  doubtless  covered  by  Lake 
Agassiz  before  the  erosion  of  its  outlet  to  the  level  of  the  Herman 
beach  ]  but  much  of  its  stratified  sand  and  silt  may  be  modified  drift 
deposited  by  streams  from  the  melting  ice  sheet.  The  glacial  recession 
here  was  from  southwest  to  northeast,  and  this  was  probably  an  avenue 
of  drainage  during  a  short  time,  till  the  continued  retreat  of  the  ice  left 
a  considerable  expanse  of  water,  the  beginning  of  Lake  Agassis,  be- 
tween itself  and  the  shore. 

In  the  north  part  of  Sees.  5  and  6,  T.  129,  B.-  49,  and  in  Sees.  31  and 
32,  T.  130,  B.  49,  this  beach  consists  of  two  or  three  parallel  wavelike 
ridges  of  gravel  and  sand,  divided  by  depressions  an  eighth  to  a  quarter 
of  a  mile  wide  and  5  to  10  feet  lower. 

This  belt  reaches  north  to  the  Lightning's  (or  Thunder's)  Nest,  a 
massive  dune  of  fine  sand,  partly  bare  and  now  wind  blown,  but  mostly 
covered  with  bushes  and  herbage,  situated  near  the  center  of  Sec 
30,  T.  130,  B.  49.  Its  base  on  the  south  is  1,060  feet  and  its  top  1,120 
feet,  approximately,  above  the  sea.  It  covers  a  space  about  a  quar- 
ter of  a  mile  in  extent  from  southeast  to  northwest,  with  nearly  as 
great  width,  and  rises  in  two  summits  of  nearly  equal  height.  The 
Lightning's  Nest  is  the  most  proinineut  in  a  series  of  dunes,  elsewhere 
rising  only  10  to  30  feet,  mostly  grassed,  which  extends  a  mile  or  more 
to  the  southeast  aud  is  traceable  several  miles  northwest  to  the  east 
end  of  a  very  conspicuous  tract  of  dunes  50  to  100  feet  above  adjacent 
level,  with  summits  at  1,100  to  1,150  feet  above  the  sea,  which  stretches 
about  4  miles  in  a  west-north  west  course  in  the  south  part  of  T.  131,  B. 
50, 1  to  2  miles  houth  of  the  Wild  Rice  liiver.  By  winds,  eroding  and* 
drifting,  these  sand  hills  were  heaped  up  from  the  Herman  beach  and 
its  associated  belt  of  modified  drift,  probably  soon  after  the  retreat 
of  the  ice,  though  their  forms  have  been  constantly  changing  since  that 
time. 

Outside  the  area  of  Lake  Agassiz,  the  southwest  part  of  Bichland 
County  is  till,  mostly  undulating  or  moderately  rolling,  butin  part  promi- 
nently hilly,  with  rough  morainic  contour  and  abundant  bowlders.  Tay- 
lor Lake,  approximately  1,050  feet  above  the  sea,  2\  miles  west  of  the 
Lightning's  Nest',  is  a  very  beautiful  sheet  of  water,  bordered  by  a  sandy 
shore  and  a  hirge  grove  on  the  north  and  by  a  shore  of  bowlders  and 
morainic  hills  50  to  150  feet  above  the  lake  on  the  west.  These  hills 
and  most  of  the  lakes  farther  west  in  this  county  have  no  timber.  North- 
eastward  the  area  that  was  covered  by  Lake  Agassiz  is  mostly  smooth 
aud  nearly  liat  till,  with  frequent  marshy  tracts  called  sloughs,  but  with 
only  ver3'  rare  and  small  lakelets. 

Swan  Lake,  3  miles  long,  reaching  from  Sec.  3  to  Sec.  7,T.  130,  B.  61, 
estimated  1.070  feet  above  the  sea,  with  undulating  till  5  to  10  feet 
higher  on  the  northeast  and  10  to  20  feet  higher  on  the  south  and 
west, 
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Herman  beach,  a  ridge  of  fine  sand,  20  t;o'25  rods  wide  and  about  3 
feet  high,  near  the  south  line  of  Sec.  36,  T.  133,  K.  52,  extending  west- 
northwest,  approximately  1,065  feet.  On  the  north,  the  exceedingly 
flat  plain  of  Lake  Agsissiz,  sinking  ver^'  slowly  northeastward,  reaches 
as  far  as  the  eye  can  see.  On  the  south,  flat  land,  covered  by  Lake 
Agassiz  before  the  time  of  this  beach,  continues  1^  miles,  ascending  in 
that  distance  from  1,060  feet  to  about  1,080  feet,  and  moderately  un- 
dulating till  rises  beyond  to  1,100  and  1,125  feet. 

One  and  a  half  miles  north  of  this  beach  the  Wild  Rice  Ei  ver  is  crossed 
by  a  bridge  near  the  center  of  Sec.  25,  T.  132,  li.  52.  The  stream  in 
its  ordinary  stage  is  1  to  2  rods  wide,  with  a  depth  of  about  3  feet,  and 
is  fllled  with  grass  and  rushes.  It«  bottom  land,  a  sixth  to  a  third  of  a 
mile  wide,  is  about  10  feet  higher  and  is  annually  overflowed  by  the 
high  water  in  spring.  Its  bluffs  rise  about  40  feet  above  the  river  at 
low  water,  the  elevation  of  their  top  and  of  the  adjoining  plain  being, 
approximately,  1,050  feet.  These  bluffsi  and  the  surface  from  the  Her- 
man beach  north  to  Elk  Greek  are  till,  but  the  country  about  Wynd- 
mere  and  south  to  Elk  Greek  is  stratified  fine  clayey  sand.  Both  for- 
mations have  a  very  fertile  soil,  unsurpassed  for  wheat  and  all  croi)s 
proper  to  this  latitude.  Elk  Greek  is  a  stream  similar  to  the  Wild  Eice 
Biver,  bat  smaller,  and  the  width  and  depth  of  its  valley  are  about 
two-thirds  as  great. 

Northern  Pacific,  Fergus  Falls  and  Black  Hills  Kailroad :  track  at 
Wyndmere,  1,060  feet;  at  the  Herman  beach  IJ  miles  west  of  Wynd- 
mere,  track  1,064  and  crest  of  the  beach  1,065  feet,  rising  8  feet  above 
the  acyacent  land  20  rods  away  both  east  and  west;  surface  along  the 
railroad  thence  westward  8  miles,  1,060  to  1,063  feet,  with  Star  Lake,  a 
third  of  a  mile  in  diameter  on  this  level  area,  only  2  or  3  feet  below  the 
surrounding  land,  close  north  of  the  railroad,  in  Sec.  5,  T.  132,  E.  52;  a 
higher  beach  of  Lake  Agassiz,  crossed  3  miles  eastof  Miluor,  and  there- 
fore called  the  Milnor  beach,  crest  and  track,  1,083  feet,  4  or  5  feet  above 
the  adjoining  land  10  rods  away  both  east  and  west;  another  beach 
ridge  formed  during  the  same  stage  of  Lake  Agassiz,  a  third  of  a  mile 
iSEurther  west,  crest  and  grade,  1,084  feet;  land  close  east,  1,070,  and 
west,  1,076  feet;  track  at  Milnor,  1,095  feet. 

The  Herman  beach  west  and  north  of  Wyndmere  has  an  irregular 
surface,  with  frequent  hummocks  of  sand  heaped  5  to  10  feet  above  a<y a- 
cent  hollows.  Most  of  these  dunes  Jire  now  grassed.  From  near  Wynd- 
mere this  beach,  with  frequent  small  dunes,  extends  north  through 
the  west  edge  of  T.  133,  B.  51,  and  thence  westerly  to  another  tract  of 
prominent  dunes  50  to  100  feet  above  adjacent  surface,  with  their  to])s 
at  1,100  to  1,150  feet,  which  extends  about  10  miles  in  a  west- north  west 
course  from  the  southwest  part  of  T.  134,  li.  52,  to  the  east  part  of  T. 
134,  R.  64,  terminating  about  2  miles  east  of  the  Sheyenne  River.  Like 
the  similar  high  dunes  south  of  the  Wild  Rice  River,  these  are  mainly 
covered  by  herbage,  bushes,  and  small  trees ;  but  many  portions  are 
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now  being  drifted  bj  the  winds*  bo  that  they  are  wholly  destitute  of 
vegetation.  These  dnnes  mark  the  course  of  the  Herman  beach,  here 
greatly  increased  in  volame  by  delta  deposits  from  the  Sheyenue  Biver. 
Horainic  knolls  and  hills,  rising  20  to  50  feet,  with  plentiful  bowlders, 
lie  dose  west  of  Milnor,  extending  in  a  belt  from  southeast  to  north- 
west. They  are  probably  a  continuation  of  the  Altamont  and  Gary  mo- 
raines of  the  Coteau  des  Prairies.  Near  Lisbon,  about  15  miles  north- 
west from  Milnor,  some  of  these  morainic  hills  are  quite  conspicuous, 
rising  lOD  feet  or  more  above  the  surrounding  country. 
•  Bvidence  of  a  stage  of  Lake  Agassiz  20  or  30  feet  higher  than  that 
of  the  Herman  beach  is  found,  as  already  noticed,  in  many  places  along 
the  southern  i)art  of  its  boundary  in  Dakota.  The  portion  of  this  gla- 
cial lake  formed  earliest  by  the  recession  of  the  ice  seems  to  have  reached 
from  Lake  Traverse  to  the  Sheyenue  Biver,  and  its  level  appears  to  have 
been  then  nearly  that  of  the  general  sur&ice  and  the  top  of  the  bluffs 
bordering  Lake  Traverse.  Distinct  traces  of  this  stage  of  the  ancient- 
lake  have  not  been  recognized  in  Minnesota,  nor  along  the  greater  part 
of  its  boundary  in  Dakota,  from  the  Sheyenue  liiver  north waqjl. 

FBOM  MILNOB  NORTH  TO  SHELDON. 

The  highest  level  of  Lake  Agassiz,  near  Milnor,  is  marked  by  the 
Milnor  beach,  already  mentioned,  where  it  is  crossed  by  the  railroad. 
This  beach  is  flue  clayey  sand,  in  somewhat  irregular  and  interrupted 
low  ridges  and  terraces,  abutting  at  the  west  on  undulating  till,  which 
gradually  rises  10  or  20  feet  higher,  while  on  the  east  a  descent  of  10  or 
15  feet,  within  about  20  rods,  is  succeeded  by  a  flat  area,  which  thence 
sinks  very  slowly  northeastward.  The  elevation  of  the  Milnor  beach 
at  the  railroad  is  1,084  feet,  and  at  Mr.  G.  V.  Dawson's  house,  at  the 
middle  of  the  east  side  of  Sec.  22,  T.  1,?3,  R.  54,  1,002  feet.  Its  course 
between  these  points  is  north-northwest,  and  this  is  continued  to  the 
mouth  of  a  former  channel  of  the  Sheyenne  River,  near  the  center  of 
Sec.  4  in  this  township,  3  miles  east  from  the  most  southern  bend  of  the 
river. 

During  all  the  stages  of  Lake  Agassiz  the  Sheyenne  River  brought 
into  it  much  sediment,  carrying  the  clay  farthtT  than  the  sand  and 
gravel,  which  were  laid  down  near  the  river's  mouth.  Extensive  areas 
of  these  originally  flat  beds  have  been  changed  by  wind  action  to  in'egu- 
lar  groups  and  belts  of  saiul  hills  or  dunes,  which  var^'^  from^a  few  feet 
to  more  than  a  hundred  feet  in  height  above  the  surrounding  level. 
Besides  the  large  tract  of  these  dunes  before  described  east  of  the  Shey- 
enne River,  others  of  even  greater  extent  and  equally  conspicuous  bor- 
der the  river  and  reach  2  or  3  miles  from  it  in  the  northeast  part  of  T. 
135,  R.  54,  and  along  its  next  15  miles. 

Watercourses  formerly  occupied  by  this  stream  are  found  west  of  the 
JCilnor  beach.  One  of  them  is  marked  by  a  sandy  flat,  which  reaches 
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from  the  piesent  ooorse  of  the  Sheyenne  Biver,  in  Sec.  1,  T.  133,  R.  55, 
aoatheastward  throagh  T.  133,  B.  54,  to  the  vicinity  of  Miliior.  An- 
other runs  from  near  the  middle  of  the  SW.  i  of  Sec.  32,  T.  134,  B.  54, 
about  1}  miles  east-aoatheast  to  the  middle  of  Sec.  4,  T.  133,  B.  54. 
This  is  a  ohaanel,  30  to  50  rods  wide,  about  40  feet  below  a  ridge 
of  coarse  gravely  which  extends  along  its  northeast  side,  dividing  it 
from  the  lower  area  that  was  covered  by  Lake  Agassiz  and  i'roni  the 
present  valley  of  the  river.  The  crest  of  the  ridge  is  nearly Hiit,  upon 
a  width  of  10  to  30  rods,  and  is  75  to  100  feet  above  the  river,  being 
highest  westward.  It  contains  pebbles  and  cobbles  of  all  si^es  up  to4> 
inches  in  diameter,  about  half  being  limestone  and  nearly  all  the  others 
granitic.  This  ridge  or  plateau  of  g^vel  is  a  remnant  of  an  old  delta 
plain  of  the  Sheyenne  Biver,  apparently  deposited  before  the  forma- 
tion of  the  Milnor  beach,  above  which  it  rises  some  40  or  50  feet,  which 
BOggests  that  the  deserted  channel  of  that  depth  on  its  south  side  was 
probably  eroded  during  the  Milnor  stage  of  Lake  Agassiz.  Similar 
gravel  occurs  on  the  side  and  verge  of  the  bluff,  100  feet  high,  northwest 
of  the  Sheyenne  Biver,  in  the  SW.  i  of  Sec.  29,  T.  134,  B.  54,  but  a  roll- 
ing surface  of  till  extends  thence  northwest. 

Sheyenne  Biver  in  Sec.  32,  T.  134,  B.  54, 1,037  feet  above  the  sea,  and 
on  the  west  line  of  the  NW.  ^  of  Sec.  29,  T.  135,  B.  54, 1,019  feet.  Its 
bed  through  these  townships  is  mostly  4  to  G  rods  wide,  with  water  1 
to  2  or  3  feet  deep,  and  is  strewn  in  many  places  with  cobbles  and 
bowlders  up  to  2  or  3  feet  and  rarely  G  or  8  feet  in  diameter.  Its  bottom- 
land near  the  south  bend,  about  a  third  of  a  mile  wide,  is  15  or  20  feet 
above  the  ordinary  low  stage  of  water,  and  during  a  term  of  fourteen 
years  preceding  this  survey  in  1885  it  had  not  been  overflowed;  but 
driftwood,  found  by  the  first  immigrants,  proves  that  the  river  some- 
times reaches  this  height.  Bluffs  of  till  here,  in  the  southwest  corner 
of  T.  134,  B.  54,  rise  100  to  125  feet  above  the  stream. 

Blnfb  of  till  close  west  of  the  Sheyenne  Biver,  in  Sec.  20,  T.  134,  B.  54, 
lylOOto  1,110  feet;  moderately  rolling  till  a  quarter  of  a  mile  fiirther  west, 
1,115  to  1,125  feet ;  same  in  Sees.  17  and  18, 1,090  to  1,130  feet;  and  on 
the  east  side  of  the  river,  in  Sees.  21,  16,  and  17, 1,085  to  1,075  feet,  de- 
scending northeastward.  Prominent  swell  of  till  west  of  the  Sheyenne 
Biver  in  the  SB.  i  of  Sec.  30,  T.  135,  B.  54,  having  four  aboriginal 
mounds  on  its  crest,  1,113  feet;  top  of  these  mounds,  1,117  feet,  very 
nearly.  Highest  portions  of  the  area  of  undulating  till  seen  westward 
from  this  Sec  30, 3  or  4  miles  distant,  1,125  to  1,150  feet. 

Surface  at  Charles  G.  Froemke's  house,  in  the  NW.  ^  of  Sec.  20,  T. 
135,  B.  54, 1,073  feet;  bottom  land  of  the  Sheyenne  Biver  close  west, 
1,037  to  1,027  feet;  ordinary  low  water  of  the  river,  1,019  feet. 

Portion  of  area  of  Lake  Agassiz,  a  strip  a  fourth  to  a  third  of  a  mile 
wide,  west  of  the  Sheyenne  Biver,  in  Sees.  32  and  5,  a  half  mile  to  2 
miles  south  of  Mr.  Froemke's,  1,005  to  1,075  feet.  Uerman  beach  one- 
fimrth  to  two-thirds  of  a  mile  east  of  the  Sheyenne  Biver  here  and  ex- 
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tendiDg  southeasterly  toward  the  western  limit  of  dunes  in  the  east  part 
of  T.  134,  B.  54, 1,073  to  1,079  feet  Crest  of  this  beach,  a  low  ridge  of 
sand  and  fine  gravel,  at  J.  Altmann's  house,  near  the  middle  of  Sec 
20,  T.  135,  B.  54, 1,073  feet  Within  10  or  15  rods  east  there  is  a  de- 
scent of  about  10  feet  This  beach  rid^e  runs  north  and  northeasterly 
to  near  the  northeast  comer  of  this  Sec  20,  and  thence  it  passes  east- 
ward about  3  miles,  having  an  elevation  of  1,075  to  1,005  feet  to  where 
it  is  intersected  by  the  Sheyenne  Biver,  near  the  northeast  comer  of 
-  Sec.  14.  l^orth  of  the  river  it  continues  about  a  half  mile  in  SeC  12, 
its  elevation  being  1,065  to  1,070  feet,  to  the  west  end  of  a  tract  of  dunes 
25  to  100  feet  above  their  vicinity,  with  summits  at  1,100  to  1,150  feet, 
which  extends  thence  about  15  miles  eastward.  This  Herman  beach 
was  sufficient  to  turn  the  course  of  the  Sheyenne  Biver  along  its  west 
and  north  side  for  o  distance  of  8  miles,  from  Sec.  9,  T.  134,  B.  54,  north 
and  east  to  Sec.  14,  T.  135,  B.  54,  though  it  is  only  a  ridge  of  sand  and 
gravel  5  to  10  feet  higher  than  the  smoothed  area  of  till,  occasionally 
cdvered  by  1  to  3  feet  of  sand,  which  lies  west  of  it  and  in  which  the 
river  has  now  cut  its  channel  50  to  60  feet  deep. 

Boiling  surface  of  tilf  in  the  south  edge  of  Sec.  9,  T.  135,  B.  54,  25  to 
40  rods  north  of  the  Sheyenne  Biver,  l^OSO  to  1,090  feet  Most  of  this 
Sec  9  is  nearly  level  till  at  1,080  to  1,085  feet,  with  occasional  large 
hollows  20  feet  lower.  It  seems  to  have  been  smoothed  by  Lake  Agassix 
at  the  time  of  the  Milnor  beach.  Westward  is  slightly  undulating  till, 
having  an  elevation  of  1,085  to  1,125  feet  for  2  or  3  miles,  as  far  as  the 
surface  lies  within  view. 

Herman  beach  in  the  NW.  J  of  the  N  W.  J  of  Sec.  10,  T.  135,  B.  54, 
1,075  to  1,080  feet.  This  is  a  deposit  of  gravel  and  sand  extending 
along  the  verge  of  the  plateau  of  till  just  described  in  Sec  9.  Fifteen 
or  20  rods  to  the  east  the  elevation  is  1,065  feet,  and  it  sinks  slowly 
thence  eastward  to  about  1,050  feet  at  the  west  base  of  the  (Juices  ii^ 
Sees.  12  and  1  of  this  township. 

Lakelet  back  of  this  beiich,  situated  in  the  east  edge  of  the  SB.  \  of 
Sec.  4,  T.  135,  B.  54,  about  50  rods  long  from  south  to  north,  1,060  feet, 
being  25  feet  below  the  average  of  the  adjacent  undulating  till.  Shallow 
lakelet,  40  rods  across,  close  east  of  the  beach,  a  quarter  of  a  mile  east 
from  the  northwest  comer  of  Sec.  3,  also  1,060  feet;  adjoining  land,  1,065 
to  1,070  feet,  excepting  on  the  west,  where  the  Herman  beach  has  an 
elevation  of  1,080  feet,  with  undulating  till  beyond  it  a  few  feet  higher. 

Heraian  beach  at  the  middle  of  the  west  side  of  Sec.  34,  T.  136,  B.54 
(Sheldon),  1,083  feet ;  surface  25  rods  east,  1,070  feet,  thence  descending 
slowly  eastward.  Here  and  for  IJ  miles  south,  through  Sec  3,  this 
beach  is  a  flattened  ridge  of  sand  and  fine  gravel,  25  or  30  rods  wide, 
with  a  depression  3  to  6  feet  deep  along  its  west  side.  In  the  NW.  J 
of  Sec.  28,  its  elevation  is  1,080  feet. 

Fargo  and  Southwestern  Bailroad  track  at  Sheldon,  1,078  feet 
Wells  in  Sheldon  village  are  10  to  15  feet  deep,  iu  sandy  clay  free  from 
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gravel  or  bowlders  6  to  10  feet,  with  sand  below.  These  deposits  be- 
long to  the  Herman  beach,  which  is  here  spread  upon  a  widtli  of  about 
a  half  mile. 

FROM  SHELDON  NORTH  TO  THE  NORTHERN  PACIFIC  RAILROAD. 

• 

This  beach,  terracelike,  at  Hugh  Mclutosh's  house,  in  the  south  edge 
of  the  TSW.  i  of  Sec.  8,  T.  136,  R.  54  (Sheldon),  has  its  crest  1,083  to 
1,084  feet  above  the  sea.  His  well,  near  the  top  of  the  beach,  22  feet 
deep,  is  soil  and  sandy  clay  to  a  depth  of  7  feet,  then  sand  15  feet  to 
water.  Till  rises  to  the  surface  20  rods  farther  west  About  30  rods 
east,  on  land  10  feet  lower,  a  well  10  feet  deep  is  all  caving  sand  below 
the  black  soil,  which  is  1  or  2  feet  deep  next  to  the  surface. 

From  the  east  base  of  the  beach  near  Mr.  Mcintosh's  there  is  a  very 
slightdescenteastward  to  1,065  feet,  approximately,  about  Island  Lake, 
which  lies  some  10  feet  lower.  This'  lake,  nearly  round,  about  a  third 
of  a  mile  in  diameter,  is  crossed  by  the  line  between  Sees.  9  and  10. 
Its  island,  which  is  said  to  have  an  area  of  12  acres,  lying  in  Sec.  9,  is 
wooded;  but  the  shores  around  the  lake  are  desj^itute  of  timber,  being 
in  part  marshy,  with  grass  and  rushes,  and  in  part  hard  sand.  The 
mazimom  depth  of  water  is  only  G  feet,  but  it  has  not  been  dried  up 
daring  tbe  six  years  from  the  first  immigration  here  to  the  time  of  this 
snrvey. 

Maple  Biver  in  Sec.  32,  T.  137,  E.  54,  about  2  miles  northeast  from 
its  most  soothem  bend,  1,017  feet.  It  is  20  to  40  feet  wide  and  1  to  3 
feet  deep,  with  cobbles  and  bowlders  in  many  portions  of  its  channel. 

Herman  beach,  a  sand  and  gravel  deposit  extending  a  quarter  of  a 
mile  from  south  to  north  on  the  verge  of  the  bluff  of  till  west  of  Maple 
Biver  in  the  northwest  part  of  this  Sec.  32, 1,072  to  1,077  feet.  In  the 
north  edge  of  the  NW.  J  of  this  section,  the  northeast  corner  of  Sec. 
31,  and  the  east  edge  of  Sec.  30,  it  is  a  plateaulike  tract  a  fourth  of  a 
mile  wide,  with  a  subsoil  of  sand  and  fine  gravel,  1,086  feet,  from 
which  both  east  and  west  a  gentle  slope  fiills  5  feet  within  20  or  30 
rods.  In  the  NW.  J  of  Sec.  20  and  the  west  half  of  Sec.  1 7,  it  is  a  grace- 
fally  roanded  ridge,  1,085  to  1,087  feet,  with  descent  of  about  5  feet  on 
its  west  side  and  10  to  15  feet  within  as  many  rods  on  the  east.  The 
sorface  east  of  the  Maple  Biver  in  this  T.  137,  E.  54,  has  an  elevation  of 
1,075  to  1,065  feet,  declining  toward  the  north  and  east. 

In  the  east  half  of  T.  137,  E.  55,  a  surface  of  till,  moderately  undu- 
lating near  the  beach  of  Lake  Agassiz,  but  prominently  rolling  at  a 
distance  of  3  miles  to  the  west,  rises  to  1 ,150  and  1 ,1 75  feet  in  the  vicinity 
of  tbe  Maple  Biver  above  its  south  bend. 

The  Herman  beach,  a  broad  flattened  ridge  of  sand  and  gravel,  passes 
in  a  north-northeast  course  through  the  center  of  Sec.  8,  T.  137,  E.  54, 
its  elevation  being  1,083  feet.  A  smoothed  surface  of  till,  1,082  to  1 ,087 
fbeti  with  occasional  sloughs  in  depressions  15  to  20  feet  deep,  occupies 
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tho  west  half  of  this  Sec.  8 ;  and  close  east  of  the  beach  a  flat  of  tiU  on 
the  east  line  of  the  section,  at  1,005  to  1,070  feet,  was  the  bed  of  the 
lake. 

Gontinaing  northeastward,  the  beach  is  oflEset  a  mile  to  the  east  in 
Sees.  4  and  3,  T.  137,  B.  54,  {fo  that  the  greater  part  of  Sec.  4  was  a  bay 
of  Lake  Agassiz  during  its  Herman  stage,  with  bottom  at  1,080  to  1,065 
feet,  inclosed  on  the  west,  north,  and  east  by  beach  deposita.  Tbe 
highest  )>ortion  of  the  hook  or  spit  east  of  this  bay  is  in  tiie  8W.  ^'of 
Sec.  3, 1,093  to  1,096  feet  It  is  composed t)f  sand  and  fine  gravely  with 
pebbles,  mostly  less  than  an  inch  bnt  occasionally  2  inches  in  diam^ 
cter,  forming  a  smoothly  rounded  swell  30  to  40  rods  wide.  This  cape, 
projecting  south  and  west  a  mile  into  the  lake,  was  aocamnlated  by  the 
southward  drift  of  the  beach  material  along  the  shore,  caused  by  north- 
eru  winds,  as  is  also  observable  at  varions  other  places  on  both  tbe 
east  and  west  shores  of  this  extinct  lake  and  on  both  sides  of  Lake 
Michigan  at  the  present  time. 

Herman  beach  in  the  west  edge  of  Sea  26,  T.  138,  B.  54, 1,094  feet 
On  the  east  side  of  the  beach  here,  near  the  center  of  this  section,  is  a 
slough  tilled  with  rushes  and  containing  water  all  the  year;  its  eleva- 
tion  is  about  1,065  feet,  that  of  the  land  on  its  east  side  in  tbe  east  part 
of  this  section  beiug  about  1,075  feet  In  the  'SB.  i  of  the  NB.  j^  of  Beo. 
34,  the  beach  is  intersected  by  a  sluggish  creek,  apparently  formed  by 
springs  within  a  half  mile  northwest,  its  ravine  being  fully  40  fbet below 
the  general  level  of  the  beach  and  the  land  westward.  Again,  in  the 
NVV.  \  of  the  SW.  J  of  Sec.  20,  the  beach  is  cut  by  a  dry  channel,  the 
outlet  in  rainy  weather  from  a  small  slough. 

Through  tlie  west  half  of  Sec.  23,  T.  138,  R.  54,  the  beach  is  a  loW, 
Kmoothly  rounded  ridge  of  sand  and  tine  gravel,  about  half  of  which  is 
liuiestouo  and  the  rest  granite  or  other  Archean  rocks.  As  in  the  3 
miles  next  southward,  it  is  largely  composed  of  fine  gravel,  and  x)ebbles 
abound,  often  covering  half  the  surface  of  the  knolls  miule  by  gophers. 
Most  of  the  pebbles  are  less  than  an  inch  in  diameter,  but  some  meas- 
ure 2  and  a  few  3  inches.  The  elevation  of  this  l)each  ridge  is  1,092  to 
1,100  feet;  on  tho  north  line  of  this  section  its  height  is  1,099  feet. 
A  broad  depression  3  to  5  feet  below  the  beach  borders  its  west  side. 
Toward  the  east  there  is  a  descent  of  about  10  feet  in  25  or  30  rods,  and 
thence  a  gradual  slope  sinks  to  1,060  or  1,050  feet  within  1  to  IJ  miles. 

Undulating  till  in  Sees.  22  and  15,  T.  138, 11.  54,  1,095  to  1,110  feet; 
erests  of  prominently  rolling  till  in  the  west  edge  of  Sec.  11  and  the 
south  part  of  See.  10,  1,115  to  1,125  feet;  thence  northwestward  lower 
un<lulaiing  till  has  an  elevation  of  only  1,090  to  1,100  feet  for  nearly 
two  miles  and  rises  quite  slowly  beyond. 

This  somewhat  irregular  contour  has  caused  considerable  diversity 
in  the  development  of  tho  beach,  so  that  its  deposits  are  massed  in  un- 
usual amount  in  some  places,  while  elsewhere  they  are  deficient  or 
wholly  wanting.    In  the  SW.  J  of  tho  SW.  i  of  Sec.  14,  T.  138,  E.  S4| 
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a  swell  of  gravel,  with  pebbles  of  all  sizes  up  to  2  inches  or  rarely  3 
inches  in  diameter,  rises  to  1,105  feet,  extending  about  40  rods  ftt>in 
south  to  north;  and  similar  gravel,  at  1,095  to  1,105  Teet,  occars  in  the 
west  part  of  the  N  W.  J  of  Sec.  23,  west  of  the  distinct  beach  ridge.  The 
northwest  part  of  Sec.  14  is  a  nearly  flat  tract^  having  a  subsoil  of  sand 
and  fine  gravel,  with  an  elevation  of  1,090  to  1,096  feet  Beach  ridge 
extending  south  from  tbe  east  side  of  a  prominent  swell  of  till  in  the 
SW.  i  of  Sec.  11, 1,086  to  1,089  feet,  having  a  contiunons  depression  of 
about  5  feet  on  its  west  side  and  bordered  eastward  by  land  0  to  10 
feet  below  its  crest.  In  the  northwest  part  of  this  Sec.  11  and  the  south- 
east part  of  Sec.  3  the  shore  of  Lake  Agassiz  is  marked  by  slight  erosion 
in  the  rolling  and  undulating  surface  of  till  rather  than  by  the  usual 
beach  deposits  of  gravel  and  sand. 

Beyond  this,  a  conspicuous  beach  ridge  25  to  40  rods  wide,  elevated  10 
feet  above  the  undulating  till  on  its  west  side  and  bordered  by  a  still 
lower  surface  on  the  cast,  extends  from  the  middle  of  the  S  W.  ^  of  the  SE. 

4  of  Sec.  3,  T.  138,  E.  54,  northwestward  to  near  the  middle  of  the  north 
line  of  the  NW.  J  of  this  section,  where  it  is  interrupted  by  a  drain- 
age gap  about  20  feet  below  its  crest  Thence  this  massive  beach  ridge 
continues  in  a  north-northeast  course  through  Sec.  34,  T.  139,  B.  54,  tx) 
near  the  middle  of  its  north  line.  Its  material  is  sand  and  gravel,  with 
pebbles  up  to  1^  inches  in  diameter.  In  Sec.  3  its  elevation  is  1,095  to 
1,090  feet,  and  in  Sec.  34,  1,089  to  1,094  feet  It  passes  onward  as  a 
very  distinct  and  typical  beach  ridge,  with  the  same  north-northeast 
course,  through  Sees.  27  and  22,  T.  139,  B.  54,  having  an  elevation  of 
1,087  to  1,095  feet  in  Sec.  27  and  1,089  to  1,096  feet  in  Sec.  22.  Its 
eastern  slope  in  these  sections  descends  15  to  20  feet. 

About  a  half  mile  west  from  this  great  beach  ridge  tbe  east  edge  of 
Sec.  4  has  irregular  deposits  gf  beach  gravel  and  sand  in  swells  and  bars 

5  feet  above  the  general  level,  and  in  the  east  edge  of  Sec.  33,  T.  139,  B. 
64,  a  well  defined  parallel  beach  begins,  having  a  width  of  20  to  25  rods 
and  elevation  of  1,092  to  1,094  feet,  with  a  depression  2  to  4  feet  lower 
on  the  west  and  descent  of  about  5  feet  on  the  east.  This  western  Her- 
man beach  extends  as  a  continuous  ridge  2  miles  to  the  north-northeast, 
excepting  a  gap  where  it  is  intersected  by  a  small  stream  in  the  N  W.  J 
of  Sec.  27.  Its  material  is  sand  and  gravel,  with  pebbles  up  to  2  inches 
in  diameter,  about  half  of  wliich  are  limestone.  Both  this  and  the  east 
beach  have  a  black  soil  a  foot  or  more  in  depth,  and  are  scarcely  in- 
ferior to  the  adjoining  areas  of  till  in  i)roductiveness.  Farther  west  a 
slightly  undulating  or  nearly  flat  surface  of  till  extends  from  a  half  mile 
to  1 J  miles  before  it  rises  above  1,095  feet;  and  the  highest  of  its  swells, 
seen  3  to  6  miles  away  to  the  west  and  northwest,  do  not  exceed  1,150  or 
1,175  feet  Western  Herman  beach  on  the  north  line  of  the  NW.  J  of 
Sec.  27, 1,095  feet ;  about  0  rods  to  the  south,  1,097  feet,  and  northeast- 
ward, in  Sec.  22, 1,092  to  1,095  feet,  to  its  junction  with  the  eastern  or 
main  beach  in  the  east  part  of  this  section. 

(433) 


48  UPPER   BEACHES   OF   LAKE  AGASSIZ.  lBDii.m 

A  lower  HeriDan  bcacli,  formed  .after  the  lake  level  here  bad  faDen 
slightly,  appears  ia  the  northwest  edge  of  Sec.  26,  T.  139,  R.  54,  having 
its  crest  at  1,072  to  1,075  feet;  passing  north-northea:st. 
west  half  of  Sec.  23,  its  elevation  is  1,075  to  1,080  feet;  through  Sec  14, 
1,080  to  1,087  feet,  being  highest  near  the  center  of  this  section ;  and  in 
tlie  east  part  of  Sees.  11  and  2  and  northward  to  the  S W.  ^  of  Sec  36, 
T.  140,  B.  54, 1,083  to  1,080  and  1,075  feet.  It^  maximum  development 
is  in  Sec.  14,  where  it  is  a  massive,  smoothly  rounded  ridge  of  sand  and 
fine  gravel,  30  rods  wide,  with  a  descent  of  15  feet  on  each  side.  In 
Sees.  26  and  23  it  is  bordered  on  the  west  by  a  continuous  depression 
4  to  8  feet  below  it;  and,  through  Sees.  14,  11,  and  2  and  in  the  SW.  ^ 
of  Sec.  36,  a  slough  3^  miles  long,  mown  for  its  luxuriant  marsh  bay, 
having  an  elevation  of  1,007  to  1,072  feet,  lies  between  this  and  the  main 
beach,  a  half  mile  farther  west. 

Floor  of  S.  P.  Gardner's  house,  in  the  northwest  corner  of  Sec.  27, 
T.  139,  R.  54,  1,096  feet. 

Main  Herman  beach  through  the  west  edge  ot  Sec.  14,  T.  139,  B.  54, 
1,096  to  1,093  feet,  declining  northward;  in  the  west  part  of  Sec  11, 
1,093  to  1,095  feet;  in  Sec.  2, 1,092  to  1,095  feet,  changing  from  a  north 
to  a  north-northeast  course ;  in  the  southeast  edge  of  Sec  35  and  the 
northwest  edge  of  Sec.  36,  T.  140,  R.  54,  1,092  to  1,096  feet;  and  in  the 
west  part  of  Sec.  25,  where  it  is  cut  by  the  Northern  Pacific  Railroad, 
1,093  to  1,099  feet.  At  the  railroad  cut  its  crest  is  1,097  to  1,099  feet 
and  the  track  is  1,091  feet.  Along  this  distance  of  5  miles  it  is  a  typical 
beach  ridge  of  sand  and  gravel,  with  pebbles  up  to  2  inches  and  occa- 
sionally 3  to  6  inches  Iq  diameter,  about  30  rods  wide,  rising  nearly 
25  feet  above  the  slough  on  the  east,  and  bordered  on  the  west  by  a 
continuous  depression,  mostly  about  an  eighth  of  a  mile  wide,  3  to  7 
feet  below  its  crest.  Slightly  undulating  till  rises  beyond  to  1,125  and 
1,140  feet  within  1  or  IJ  miles  west,  which  is  as  far  as  the  surface  lies 
within  view. 

Northern  Paeilic  Railroad,  track  at  Wheatland,  991  feet;  on  bridge 
over  creek  in  the  east  edge  of  Sec.  25,  T.  140,  R.  54,  4  miles  west  of 
Wheatland  an<l  three-fifths  of  a  mile  east  of  the  Herman  beach,  1,074 
feet;  bed  of  the  creek,  1,055  feet;  track  at  summit,  4J  miles  west  from 
the  Herman  beach,  same  as  the  natural  surface,  1,206  feet;  and  at  Buf- 
falo, a  half  mile  farther  west,  1,200  feet. 

FROM  THE  NORTHERN    PACIFIC    RAILROAD    NORTH    TO  GALESBUBQ. 

Herman  beach,  a  broad,  smoothly  rounded,  continuous  ridge  of  the 
same  material  and  contour  as  southward,  for  the  next  4  miles  north 
from  the  Northern  Pacific  Railroad,  bearing  north-northeast,  1,097  to 
1,100  feet,  very  constant  in  elevation.  The  d<  scent  of  its  east  slope  is  15 
or  20  feet  in  about  20  rods,  and  of  its  west  slope,  about  5  feet.  Thence 
westward  the  surface  is  undulating  till,  in  swells  10  to  15  feet  above  the 
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depressious,  rising  gradually  to  1,150  and  1,200  feet  above  tbe  sea  at  a 
tlistaiice  of  3  to  5  miles,  the  farthest  seen  in  that  direction.  In  a  broad 
view  this  area  seems  an  almost  flat  plain. 

Where  this  beach  is  cat  by  the  Saint  Paul,  Minneapolis  and  Manitoba 
Hallway  from  Kipon  to  Hoi>e,  near  the  middle  of  the  line  between  Sees.  32 
and  33,  T.  141,  E.  53,  its  crest  was  1,006  to  1,009  feet  above  the  sea.  It 
has  been  excavated  here  for  ballast  to  a  distance  of  about  30  rods  south 
from  the  railway.  It  is  mostly  gravel;  the  pebbles  seldom  exceed  2 
inches  in  diameter;  about  half  is  limestone  and  the  remainder  granitic. 
The  thickness  of  this  beach  deposit  is  only  8  to  10  feet ;  its  east  slope 
falls  12  or  15  feet,  and  its  west  slope,  5  to  7  feet. 

On  the  floor  of  this  excavation,  about  10  rods  south  from  the  railway, 
in  the  upi>er  foot  of  the  till  or  bowlder  clay,  under  the  gravel,  numerous 
bones  of  a  mammoth  were  found  in  the  year  1884.  These  included  a 
tusk  11  feet  long  and  9  inches  in  diameter  (taperiug  to  G  inches  at  the 
smaller  end,  where  it  was  broken  oft'),  three  teeth,  two  vertebruB,  and 
several  other  bones.  They  were  embedded  in  the  top  of  the  till,  and 
the  overlying  beach  formation  has  yielded  no  bones^  shells,  or  other 
fossils. 

Southward  from  this  locality  the  Herman  beach  is  double  for  a  dis- 
tance of  about  4  miles.  The  secondary  beach  ridge  east  of  that  already 
described  is  similar  in  size  and  material.  Its  south  end  is  in  the  west 
fiart  of  Sec.  19,-  T.  140,  B.  53,  a  half  mile  east  from  the  main  beach,  and 
it  passes  thence  north-northeastward  through  Sees.  18,  7,  and  the  east 
edge  of  Sec.  6,  having  an  elevation  of  1,081  to  1,084  feet.  It  becomes 
merged  with  the  main  beach  in  the  SE.  ;^  of  Sec.  32,  T.  141,  K.  53.  Be- 
tween these  beach  ridges  is  a  depression,  approximately  1,075  feet, 
partly  occupied  by  a  grassy  slough,  which  is  all  used  as  mowing  lane, 
having  no  area  of  water  or  bog. 

Herman  beach,  in  the  SW.  i  of  Sec.  28,  T.  141,  R.  53, 1,094  to  1,096 
feet,  not  so  distinct  as  usual,  being  intersected  by  Swan  Creek  and 
having  no  well  marked  depression  along  its  west  side.  Farther  north 
in  this  section  it  is  a  ridge  of  the  ordinary  type,  with  its  crest  at  1,096 
to  1,098  feet.  In  Sec.  21  it  is  narrowed  to  8  or  10  rods  in  width,  but 
continues  as  a  very  distinct  ridge  with  a  slight  ascent  northward,  from 
1,097  to  1,101  feet.  Its  east  slope  falls  15  to  20  feet  in  about  20  rods 
and  there  is  a  depression  of  3  to  6  feet  on  the  west.  Thence  a  surface 
of  undulating  till,  seeming  nearly  flat  in  a  general  view,  rises  gradually 
westward  to  about  1,150  feet  at  a  distance  of  2  or  3  miles. 

This  beach  ridge  passes  onward  through  Sec.  10  and  the  south  x)art 
of  Sec  9,  T.  141,  R.  53,  with  an  elevation  of  1,005  to  1,100  feet;  but, 
having  been  followed  thus  continuously  in  a  north-northeast  course  for 
wore  than  15  miles,  it  ceases  in  the  east  part  of  this  Sec.  9.  Its  north 
end  abats  at  1,100  to  1,105  feet  upon  a  terrace  slope  of  till,  which  rises 
aboat  10  feet  higher.  This  forms  the  east  boundary  of  a  slightly  undu- 
lating expanse  of  till,  which  thence  gradually  rises  to  1,150  and  1,200 
feetiy.2  to  6  miles  west  and  northwest.  Fruru  9oc,  9  \\ovI\v\\^tv\  W\\vxv\^ 
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tlio  east  part  of  Soc.  4  and  in  thb  west  edge  of  Sec.  34  and  the  west 
part  of  Sees.  27,  22,  and  15,  T.  142,  B.  53,  passing  close  east  of  Erie,  the 
Herman  shore  of  Lake  Agassiz  is  marked  by  such  a  terrace  or  escarp- 
ment formed  by  wave  erosion,  and  the  usunl  dei>osit  of  beach  gravel 
and  sand  is  absent.  The  base  of  the  escarpment  is  at  1,095  feet,  ap- 
proximately, and  it  rises  with  a  moderate  8loi)e  25  to  40  feet. 

About  a  half  mile  east  of  this  escarpment,  however,  lies  a  broad  low 
ridge  of  beach  sand  and  fine  gravel,  having  an  elevation  of  1,0S5  to  1,090 
feet.  Its  course  is  from  the  west  part  of  Sec.  10  north  northeast  through 
Sees.  3  and  34  and  nearly  due  north  through  the  east  edge  of  Sees.  27, 
22,  and  15.  The  descent  eastward  is  more  gentle  than  usual,  falling 
only  G  to  10  feet  in  a  quarter  of  a  mile,  beyond  which  is  a  flat  area  of 
till.  On  the  west  a  depression  3  to  5  feet  deep,  i)artly  occupied  by  a 
grass}'  slough,  intervenes  between  this  beach  ridge  and  the  wave-cat 
escarpment.  On  the  north  line  of  Sec.  15  the  crest  of  the  ridge  is  at 
1,092  feet;  the  depression  west,  1,088;  the  base  of  the  escarpment,  1,092, 
and  its  top,  about  1,115  feet. 

Saint  Paul,  Minneapolis  and  Manitoba  Railway  from  Bipon  to  Port- 
land, track  at  tank  and  section-house  close  south  of  liush  Biver,  1,09G 
feet;  at  Erie,  2  miles  farther  north,  1,128  feet;  summit,  about  1  mile 
north  of  Erie,  1,133  feet;  South  Branch  of  the  North  Fork  of  Elm  Biver, 
bridge,  1,083  feet ;  bed  of  creek,  1,004  feet;  track  at  summit  1  mile 
north,  1,091  feet;  at  Galesburg,  1,0S1  foet ;  North  Branch  of  the  North 
Fork  of  Elm  River,  bridge,  1,078 1'eet ;  bed  of  creek,  1,005  feet ;  track  at 
Clifford,  1,057  feet.  At  Erie  and  westward  the  surface  is  in*ominently 
rolling  till,  which  rises  within  3  miles  to  a  height  100  feet  above  the 
shore  of  Lake  Agassiz. 

In  Sees.  10  and  3,  T.  142,  R.  53,  the  Herman  beach  is  again  well  ex- 
hibited in  its  usual  character.  On  the  north  Hue  of  Sec.  10  it  is  a  gently 
rounded  rid<;e  of  sand  and  gravel,  with  pebbles  up  to  2  inches  and 
rarely  3  or  4  inches  in  diameter,  half  being  liaiestone;  its  width  is  about 
20  rods;  the  elevation  of  its  crest  is  1,10G  feet  and  the  slopes  liiU  10 
feet  on  the  east  and  3  feet  on  the  west.  For  the  next  mile  northwanl, 
through  the  west  part  of  Sec.  3,  this  beach  ridge  has  a  width  of  10  to  15 
rotls;  its  elevation  is  mostly  lyKKj  to  1,108  feet,  with  a  depression  5  to 
7  feet  deep  along  its  west  side;  but  in  a  few  places  the  ridge  itself  is 
depressed  to  1,091)  feet.  Passing  northward  this  beach  in  the  west  half 
of  Sec.  34,  T.  143,  R.  53,  is  a  veiy  smooth,  gracefully  rounded,  wavelike 
swell,  30  to  40  rods  wide,  1,I0S  to  1,112  feet  in  elevation,  rising  15  feet 
above  its  east  base  and  having  a  (lei)ressi()n  of  3  to  5  feet  on  the  west. 
A  well  in  the  NK.  ^  of  the  SW.  J  of  ^Sec.  34,  on  the  top  of  this  beach, 
went  through  12  feet  of  sand  and  gravel,  going  into  till  below.  In  the 
SW.  :^  of  Sec.  27,  the  beach  continues  with  the  same  massive  develop- 
ment and  nearly  north  course,  its  elevation  being  1,111  to  1,116  feet. 
In  the  NW.  J  of  this  .section  it  becomes  a  still  broader  deposit  of  gravel 
and  sand,  a  fourth  to  a  third  of  a  mile  wide,  with  no  depression  on  its 
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west  side.  Here  its  coarse  is  turned  northwestward,  entering  the  SB.  J 
of  Sec.  21  with  an  elevation  of  1,109  feet;  but  it  seems  not  to  be  dis- 
tinctly traceable  farther.  About  a  half  mile  west  of  this  beach  ji 
plateau  of  till,  1,125  to  1,128  feet  above  the  sea,  extends  a  third  of  a  miU) 
fh>m  southeast  to  northwest  in  the  SE.  J  of  Sec.  2S ;  but  for  a  mile  south 
and  west  of  this  plateau  and  for  3  miles  northwest  the  surface  of 
slightly  undulating  till  averages  only  1,105  to  1,120  feet. 

The  secondary  Herman  beach,  already  described  in  its  course  east  of 
the  Erie  escarpment  of  till,  continues  northward  with  an  elevation  of 
1,095  feet,  approximately,  through  the  east  half  of  Sees.  10  and  3,  T.  142, 
B.  53,  and  Sees.  34  and  27,  T.  143, 11.  53.  In  Sees.  22  and  IG  this  beach 
tarns  in  a  gradual  curve  to  the  northwest  and  west  and  its  crest  varies 
in  height  from  1,095  to  1,104  feet,  being  highest  in  or  near  the  south- 
east comer  of  Sec.  16.  There  it  is  a  ridge  of  gravel  and  sand  about  30 
rods  wide,  rising  10  to  15  feet  above  its  northeastern  base  and  descend- 
iug  6  to  10  feet  on  the  southwest  to  a  nearly  Hat  tract  of  moist  mowing 
land  fully  a  mile  wide,  with  a  height  of  1,090  to  1,095  feet.  Through 
Sees.  17,  8,  and  5  it  again  curves  to  the  northwest,  north,  and  nortli- 
northeast,  having  an  elevation  of  about  1,100  feet.  In  the  north  half 
of  Sees.  5  and  4,  T.  143,  E.  53,  a  smooth  plain  with  satid  subsoil  extends 
a  mile  eastward  from  the  esist  base  of  this  beach  ridge,  descending  in 
this  distance  from  1,090  to  1,075  feet. 

Continuation  of  this  beach  northward  nearly  through  the  middle  of 
Sec.  32,  T.  144,  K.  53, 1,096  to  1,099  feet.  It  is  a  typical  beach  ridge  of 
fine  gravel  and  sand  8  to  10  feet  above  the  land  on  its  east  side  and 
having  a  descent  of  about  5  feet  westward,  beyond  which  tlie  surface 
of  undulating  till  rises  in  1  or  14  miles  to  1,125  and  in  the  next  2  miles 
to  1,175  or  1,200  feet.  A  half  mile  east  from  this  beach  aud  only  20  to 
30  rods  west  of  the  railroad,  there  is  a  parallel  beach  ridge  of  similar  size 
and  material,  1,090  to  1,092  feet.  The  former  of  these  beaches,  where 
it  crosses  the  south  line  of  Sec.  20,  a  fourth  to  a  half  mile  west  of  Gales* 
barg,  is  spread  in  a  broad,  nearly  flat  deposit  which  rises  westward 
from  1,096  to  1,101  feet.  On  the  west  it  is  bordered  by  a  depression 
about  8  feet  lower. 

FR02I  GALESBURG  NORTU  TO  LARIMORE. 

In  Sec.  20,  T.  144,  R.  53,  the  beach  is  about  a  third  of  a  mile  wide, 
its  higher  western  margin  being  at  1,097  to  1,102  feet.  From  its  crest 
a  slope  descends  first  somewhat  steeply  aud  then  slowly  to  the  amount 
of  20  or  25  feet  in  two-thirds  of  a  mile  eastward,  having  a  subsoil  of 
sand  and  very  fine  gravel  to  a  depth  of  5  to  10  feet,  underlaid  by  till, 
as  is  shown  by  wells  at  Galesburg.  Crest  of  this  beach  through  the 
west  half  of  Sec.  17, 1,102  to  1,107  feet ;  in  Sec.  G,  T.  144,  K.  53,  where 
it  is  intersected  by  the  North  Branch  of  the  North  Fork  of  Elm  Eiver, 
and  in  Sees.  32  and  29,  T.  145,  K.  53,  1,115  to  1,125  feet,  being  10  to  15 
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feet  higher  th<iu  od  the  south  <and  north ;  in  Sees.  20  and  17,  aboot  1,110 
feet;  in  the  soathwest  part  of  Sec.  8,  1,117  feet;  westward  throagh 
Sec.  7  of  this  township  and  through  the  northeast  part  of  Sec.  12,  T. 
145,  B.  54, 1,112  to  1,117  feet.  In  the  west  part  of  Sec.  7  a  slough 
about  an  eighth  of  a  mile  wide,  haviug  an  elevation  of  1,100  feet,  ap- 
proximately, borders  the  southwest  side  of  this  beach  ridge.  On  the 
line  between  Traill  and  Steele  Counties,  where  the  top  of  the  ridge  is  at 
1,114  feet,  it  is  a  typical  beach  deposit  about  25  rods  wide,  composed 
of  sand  and  gravel,  with  pebbles  up  to  2  or  3  inches  in  diameter.  Its 
course  is  due  west,  and  the  descent  from  crest  to  base  on  the  south  is 
6  or  8  feet  and  northward  12  or  15  feet,  beyond  which  a  very  gentle 
slope  sinks  toward  the  northeast.  A  well  on  this  beach,  in  the  east 
edge  of  the  N W.  |  of  Sec.  12,  T.  145,  B.  54,  went  through  sand  and  fine 
gravel  13  feet,  finding  till  below.  AVitbin  a  few  hundred  feet  farther 
west  the  beach  is  interrupted  for  a  distance  of  about  1  mile  by  an  aqsa 
of  till  some  15  feet  lower,  with  no  beach  deposits.  It  reappears,  how- 
ever, as  a  typical  beach  ridge  of  gravel  and  sand  for  a  distance  of  three- 
fourths  of  a  mile  in  the  NW.  J  of  Sec.  11  and  the  NB.  J  of  Sec  10, 
having  an  elevation  of  1,114  to  1,112  feet,  with  a  slough  on  its  south 
side  6  to  8  feet  lower. 

Beturniug  to  the  vicinity  of  Galesburg,  a  slightly  higher  beach,  ap- 
proximately parallel  with  the  foregoing,  remains  to  be  traced.  It  becomes 
recognizable  iu  the  west  edge  of  Sec.  20,  T.  144,  K.  53,  where  the  border 
of  the  area  of  roliiug  till  tliat  extends  thence  westward  bears  occasional 
deposits  of  gravel  at  1,1 15  to  1,120  feet.  In  the  east  ])art  of  Sec.  18  it  is 
a  well  developed  beaeh  ridge  of  Siind  and  line  gravel  30  to  50  rods  wide, 
with  a  depression  on  the  west  1  to  0  feet  below  its  top,  which  has  an  ele- 
vation of  1,120  to  1,1 2o  feet.  The  next  half  mile  or  more  westwardin  Sec 
18  is  very  smooth  till,  1,120  to  1,12')  feet;  bnt  within  one  mile  farther  west 
prominent  swells  of  till  rise  to  1,U)0  and  1,175  feet.  Northward  in  Sec.  7 
this  beach,  continuing  at  1,120  to  1,12.']  feet,  is  quite  broad,  without  a  dis- 
tinctly ridged  form,  a n< I  is  indented  from  the  east  by  a  large  slough 
whose  elevation  is  appr()x:imately  1,100  feet,  including  several  acres  of 
water  free  from  j^rass  and  ruslies.  Crest  of  beach  in  the  SW.  J  of  Sec. 
G,  1,122  to  1,120  feet.  Xortli  iiranch  of  the  North  Fork  of  Elm  River  1,105 
feet,  dry  in  summer,  in  a  valley  15  to  10  rods  wide.  Beach  through  Sees. 
31  and  30,  T.  145,  H.  5:5, 1,1  J5to  1,129  feet;  and  in  the  west  half  of  Sex;.  10^ 
1,127  to  1,121  feet,  sinking  slightly  from  south  to  north.  The  farther 
course  of  this  shore  is  not  marked  by  continuous  beach  deposits  ;  but, 
following  the  contour  line  of  1 ,125  feet,  it  must  turn  west  in  the  SW.  J  of 
Sec.  18,  T.  145,  K.  ry^,  and  extend  through  Sees.  13  to  16,  T.  145,  E.  54,  to 
the  South  Branch  of  Goose  River. 

Highest  ground  crossed  by  road  on  the  line  between  Traill  and  Steele 
Counties  at  the  west  side  of  Sec.  18,  T.  145,  R.  53, 1,125  feet. 

Natural  surface  at  the  southwest  corner  of  Sec.  3,  T.  145,  B.  54,  a 
dozen  rods  west  of  the  South  Branch  of  Gooso  River,  1,104  feet.    This 
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stream,  about  1,070  feet,  is  8  to  20  feet  wide  and  mostly  1  to  2  feet  deep. 
Its  bottom  land,  5  to  10  feet  above  this  stage  of  low  water,  varies  from 
20  to  100  rods  in  width  and  is  inclosed  by  blufifs  rising  30  to  50  feet, 
increasing  iu  height  Bonthwestward.  The  valley  has  no  timber,  the 
largest  wood  growth  being  willows  5  to  8  feet  high  and  2^  inches  or 
less  in  diameter.  With  the  aid  of  these,  however,  beavers  construct 
dams  and  were  living  on  this  stream  when  this  survey  was  made  in 
1885,  one  of  their  dams  then  occupied  being  found  by  my  assistant  in 
the  west  edge  of  Sec.  10,  T.  145,  B.  54. 

Floor  of  Henry  Bentley's  barn  in  the  southwest  corner  of  the  SB.  J 
of  Sec  6,  T.  145,  B.  54,  on  the  Herman  shore  of  Lake  Agassiz,  1,123 
feet.  This  is  a  moderate  slope,  ascending  10  or  15  feet,  eroded  in  till, 
which  from  its  top  stretches  westward  about  2  miles  in  a  nearly  level 
expanse.  From  the  south  side  of  Sec.  G,  such  a  low  escarpment,  with 
its  top  at  1,120  to  1,123  feet,  extends  due  north,  or  a  few  degrees  west  of 
north,  about  5  miles. 

E.  W.  Palmer's  house,  in  the  northwest  comer  of  the  SW.  J  of  Sec. 
2,  T.  145,  E.  55,  1,145  feet.  Well  here,  27  feet  deep :  soil  and  hard 
cemented  gravel  and  sand,  2  feet;  sand  with  occasional  layers  of  fine 
gravel,  22  feet;  and  darker  clayey  quicksand,  3  feet,  with  water. 

This  is  on  the  west  part,  nearly  at  the  crest,  of  an  unusually  high 
beach  of  this  glacial  lake,  similar  iu  elevation  with  the  Milnor  beach, 
farther  soath.  Including  its  slopes,  it  has  a  width  of  GO  rods,  the  nearly 
flat  crest  being  40  rods  across  and  in  elevation  1,142  to  1,147  feet.  The 
depression  on  the  west  falls  about  5  feet.  In  the  north  part  of  Sec.  2 
the  beach  deposits  have  an  irregular  contour,  not  lying  as  usual  in  a 
continaoas  ridge ;  their  highest  portions  vary  from  1,145  to  1,152  feet. 
Southward  from  Sec.  2  this  shore  line  is  not  marked  by  a  continuous 
beach  formation,  but  is  interrupted  by  wide  depressions  where  the  sur- 
fSace  IS  till.  Beach  gravel  and  sand  appear,  however,  in  some  amount  at 
Mr.  Thomas  Ward's,  in  the  southwest  corner  of  Sec.  11,  T.  145,  B.  55; 
also,  in  the  southwest  part  of  Sec.  23,  nearly  2  miles  farther  south. 
Within  1  to  3  miles  west  from  these  sections  an  area  of  undulating  and 
rolling  till  rises  to  1,200  and  1,250  feet. 

Near  the  middle  of  the  north  half  of  Sec.  23,  T.  140,  B.  55,  the  elevation 
of  this  beach  is  1,142  to  1,144  feet.  It  is  a  ridge  of  gravel  and  sand, 
extending  a  quarter  of  a  mile  from  southeast  to  northwest,  with  crest 
15  feet  above  the  surface  on  each  side.  Toward  the  east  it  descends  in 
a  long  slope,  but  more  steeply  westward.  In  Sec.  14  this  shore  lino 
carves  westerly,  the  crests  of  its  somewhat  irregular  beach  deposit; 
being  aboat'1,135  feet,  with  a  descent  of  10  to  15  feet  in  25  rods  east. 
Through  Sec.  11  they  range  from  1,135  to  1,147  feet,  being  highest  in  the 
SE.  J,  where  the  descent  eastward  is  20  feet  or  more.  These  beach  do 
posits  are  sand  and  gravel,  with  pebbles  up  to  1.}  or  2  inches  in  diameter, 
massed  in  flattened  hillocks  or  swells,  mostly  ridged  lengthwise  with  the 
shore  and  occasionally  inclosing  hollows  without  outlet*    TUe^  iotvix^ 
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tion  has  a  width  of  a  quarter  of  a  mile  or  more  in  its  northward  coarse 
through  the  west  part  of  the  east  half  of  Sec.  11.  An  undulating  sur- 
face of  till  rises  slowly  to  the  west,  while  on  the  east  a  very  smooth  ex- 
panse of  till  sinks  slowly  toward  the  Bed  Biver. 

Herman  beach  ridge,  30  rods  wide,  in  or  near  the  oast  edge  of  the 
SE.  i  of  Sec.  2,  T.  14G,  B.  55, 1,125  feet.  Irregular  accumulations  of  the 
higher  beach  a  quarter  of  a  mile  farther  west,  approximately,  1,140  feet 
These  upper  deposits  and  those  described  in  the  last  two  paragraphs 
seem  to  have  been  formed  while  the  level  of  this  margin  of  Lake  Agassiz 
was  held  above  its  Herman  stage  by  the  barrier  of  the  retreating  ice 
sheet,  still  remaining  nnmelted  within  a  few  miles  east,  and  by  that  of 
the  high  area  on  the  south  in  Ts.  144  and  145,  B.  54. 

Crest  of  the  Herman  beach,  a  definite  ridge  25  to  30  or  40  rods  wide, 
through  the  east  half  of  Sec.  2,  T.  140,  B.  55, 1,122  to  1,135  feet,  10 
to  15  feet  above  the  land  east  and  with  a  depression  of  0  to  8  feet  on 
the  west.  In  the  south  part  of  Sec.  35,  T.  147,  B.  55,  the  beach  ridge  is 
merged  in  a  flat,  eastwardly  sloping  area  of  sand  and  fine  gravel  at 
1,135  to  1,120  feet,  underlaid  by  till  at  the  depth  of  a  few  feet  The 
beach  ridge  reappears  in  the  north  part  of  this  Sec.  35  at  1,125  to  1,130 
feet. 

North  Fork  of  the  Middle  Branch  of  Goose  Biver,  where  it  intersects 
the  Herman  beach  in  the  southeast  part  of  Sec.  20,  T.  147,  B.  55,  ap- 
proximately, 1,085  feet  Its  bottomland  is  30  to  80  rods  wide,  bordered 
by  bluffs  rising  30  to  40  feet. 

Through  Sees.  26  and  23,  T.  147,  B.  55,  the  Herman  shore  is  marked 
by  swells  and  flattenod  ridges  of  sand  and  fine  gravel  at  1,130  to  1,143 
feet,  occupying  a  width  of  an  eighth  to  a  third  of  a  mile,  with  a  depres- 
sion of  sevenil  feet  along  their  west  side.  Four  sloughs,  elevation  about 
1,120  feet,  lie  within  the  east  part  of  these  bciich  deposits,  or  on  their 
oast  border,  in  the  SE. :}  of  Sec.  23.  In  the  south  part  of  Sec.  14,  this 
massive  but  irregular  beach  has  an  elevation  of  1,132  feet  on  the  east 
side  of  a  large  slough. 

In  the  middle  of  Sec.  14,  T.  147, 11.  55,  the  beach  assumes  a  definitely 
ridged  form  and  extends  thus  northward  along  the  east  side  of  Golden 
Lake,  which  owes  its  existence  to  this  barrier.  Crest  of  beach,  through 
the  center  and  north  part  of  Sec.  14, 1,132  to  1,137  feet;  in  Sec.  11,  east 
of  Golden  Lake,  1,132  to  1,141  feet;  and  at  Golden  Lake  post  office,  in 
the  east  edge  of  the  SW.  J  of  Sec.  2, 1,138  feet  An  eighth  of  a  mile 
north  from  the  south  end  of  this  lake  the  action  of  its  waves  has  eroded 
the  greater  part  of  the  beach  ridge.  The  material  of  the  beach  cxi>08ed 
by  an  excavation  near  the  post  office  is  coarse  gravel,  with  very  abun 
(lant  pebbles  up  to  3  and  occasionally  4  to  G  inches  in  diameter. 

Golden  Lake,  water  July  28,  1885,  1,122  feet  above  the  sea;  highest 
level  reached  by  this  lake  in  recent  years,  1,128  feet.  It  is  a  beautiful 
sheet  of  water,  1  j  miles  long  and  a  quarter  to  a  third  of  a  mile  wide.  Its 
west  shore  is  moderately  undulatingtill,  with  the  highest  swells  20  to  30 
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feet  above  the  lake.  In  a  few  places  its  grassed  blufifs  rise  steeply  from 
tbe  water's  edge  10  to  20  feet.  Farther  west  the  rolling  surface  of  till, 
seen  for  a  distance  of  3  or  4  miles,  rises  to  1,225  or  1,250  feet.  This 
lake  has  no  trees  on  its  margin,  excepting  two  small  cotton  woods,  each 
abont  25  feet  high,  on  its  northwest  shore;  biislies  grow  in  several 
places,  mostly  on  the  east ;  bnt  the  greater  part  of  the  lake  border,  like 
all  the  snrronnding  country,  is  prairie. 

Beach  ridge  through  the  north  part  of  Sec,  2,  T.  117,  K.  5^},  l,13vS  to 
1,133  feet.  In  the  south  half  of  Sec.  35,  T.  IIS,  li.  o5,  it  has  been  mostly 
eroded  by  a  lake  which  borders  this  beach  on  the. east  from  the  north 
part  of  Sec.  2  to  the  north  part  of  Sec.  -35,  having  a  length  of  1 
mile  and  a  width  of  an  eighth  to  a  fourth  of  a  mile.  The  elevation  of 
tliis  lake  is  1,101  feet.  It  has  no  trees  nor  bushes,  excepting  a  few  wil- 
lows 4  to  G  feet  high  near  the  middle  of  its  west  side,  and  is  wholly  sur- 
roauded  by  hard  grassy  shores.  Crest  of  beach  west  of  the  north  part 
of  this  lake,  1,140  to  1,142  feet,  and  through  the  south  half  of  section 
26,  1,137  to  1,142  feet,  similarly  bordered  on  the  east  by  two  lakelets, 
which  have  approximately  the  same  height  as  the  preceding,  1,104  feet. 
The  land  east  of  these  three  lakes  is  flat,  1,113  to  1,117  feet  near  them, 
with  a  very  gentle  slope  descending  thence  eastward. 

More  diffuse  and  irregular  beach  deposits  in  north  to  south  swells  and 
short  massive  ridges  of  gravel  and  sand,  inclosing  oce^'isional  hollows 
with  no  outlets,  some  of  which  hold  small  x>onds  and  sloughs,  extend 
from  the  north  edge  of  Sec.  20  northward  through  the  west  half  of 
Sec  23,  T.  148,  B.  55,  with  an  elevation  of  about  1,135  feet.  The  d(^ 
pression  on  the  west  is  some  5  feet  lower  and  on  the  ea,st  there  is  a 
descent  of  10  feet  from  the  crest  to  the  base  of  the  beach.  Fingal's 
Creek  in  the  northwest  corner  of  section  23,  where  it  intersects  the 
beach,  abont  1,110  feet.  Undulating  and  rolling  till  within  3  or  4  miles 
westward  rises  to  1,250  feet. 

Herman  beach  through  the  west  part  of  Sec.  14,  T.  14S,  II.  ij5, 1,142 
to  1,147  feet,  being  mainly  a  somewhat  typical  ridge,  with  short  swells 
of  beach  gravel  and  sand  on  its  east  side  10  to  15  feet  lower,  inclosing 
hollows,  but  few  or  no  sloughs.  Two  lakes  at  1,110  feet,  approximately, 
lie  close  east  of  this  beach  near  the  center  and  in  the  N  W.  \  of  this  sec- 
tion. They  are  bordered  on  the  east  by  land  10  feet  higher,  from  which 
a  very  gentle  descent  sinks  toward  the  Ked  Kiver. 

Continnation  of  this  beach  ridge  northward  through  the  east  edge  of 
Sec.  10,  T.  148,  R.  5r)^  1,142  to  1,140  feet,  3  to  5  feet  above  the  deprcs 
sion  on  its  west  side.  On  the  east,  three  lakelets  at  1,120  feet,  approxi- 
mately, lie  in  the  west  edge  of  the  NW.:}  of  Sec.  11,  each  being  about 
20  rods  long  from  south  to  north  and  15  rods  wide.  Crest  of  beach 
ridge,  30  to  40  rods  wide,  extending  nearly  due  north  through  the  east 
edge  of  Sec.  3, 1,144  to  1,150  feet;  east  base  about  1,125  feet;  depres- 
sion  on  the  west,  5  to  10  feet,  nearly  level  upon  a  width  of  40  rods;  be- 
yond is  an  ascent  of  undulating  and  rolling  till  to  1,250  feet  within  2 
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or  3  miles.  In  the  S W.  J  of  the  SW.  J  of  Sec.  36,  T.  149,  B.  65,  this 
Herman  shore  is  marked  by  irregular  swells  and  massive  short  ridges 
of  gravel  and  sand,  with  occasional  inclosed  sloughs.  This  is  suoceeded 
by  a  half  mile  of  the  ordinary  continuous  siugle  ridge,  1,147  to  1,160 
feet. 

Watercourse  intersecting  the  beach  near  the  northwest  comer  of 
Sec.  3G,  T.  149,  E.  55,  about  1,115  feet ;  bottomland  10  to  15  feet  higher, 
a  third  of  a  mile  wide,  bordered  by  bluffs  rising  about  25  feet  above  it 
Some  portions  of  this  creek  are  very  shallow  or  dry,  with  scarcely  any 
channel,  but  other  portions  arc  pools  G  to  9  feet  deep  and  20  feet  wide, 
extending  10  to  20  rods  or'more. 

Magnificent  beach  ridge,  passing  north-northwest  through  the  east 
part  of  Sees.  2G  and  23,  T.  149,  B.  55  (Lind),  1,147  to  1,160  feet  A  road, 
which  was  formerly  an  Indian  trail,  runs  on  its  top  here  and  for  several 
miles  northward.  This  beach  is  composed  of  the  usual  sand  and  gravel, 
thickly  filled  with  pebbles  up  to  2  and  rarely  4  inches  in  diameter.  It 
forms  a  broad  wavelike  ridge,  30  to  40  rods  wide,  including  the  slopes. 
On  its  west  side  is  a  depression  of  5  to  10  feet,  20  to  GO  rods  wide,  which 
is  moist  grass  land,  excepting  a  small  reedy  slough  in  the  south  edge 
of  Sec  11.  Farther  west  undulating  and  rolling  till  rises  to  1,175  feet 
within  a  quarter  or  a  third  of  a  mile  and  attains  a  height  of  1,260  to 
1,300  feet  within  3  to  5  miles.  On  the  cast  side  of  this  upper  Herman 
beach  there  is  a  very  smooth  slope  descending  25  or  30  feet  in  as  many 
rods.  Next  is  a  nearly  level  belt  20  to  GO  rods  wide,  increasing  in  width 
from  south  to  north,  succeeded  by  a  lower  Ilerman  beach  ridge  rising 
8  to  10  feet,  with  its  crest  at  1,127  to  1,130  feet,  or  20  feet  below  the  up- 
per beach.  These  parallel  Ilerman  beaches  are  very  finely  developed 
thus  for  nearly  G  miles,  passing  north  through  Sees.  23, 14,  11,  and  2, 
T.  149, 11.  55,  and  the  southwest  part  of  Sec.  35,  T.  150,  E.  55.  High 
portion  of  the  upper  beach  in  the  south  edge  of  Sec.  14, 1,153  feet,  and 
depression  west,  1,142  feet;  crest  onward  through  this  section,  1,153  to 
1,149  feet.  In  the  north  part  of  Sec.  11  and  the  south  edge  of  Sec.  2, 
it  is  a  few  feet  lower,  is  irregular  in  height  and  outlines  because  of 
intersecting  wiitentourses,  and  has  a  less  continuous  and  shallower 
depression  on  its  west  side.  In  Sec.  2,  however,  both  beach  ridges  are 
finely  displayed,  having  the  same  contour  as  southward.  Crest  of  up- 
per beach  in  Sees.  2  and  35,  1,152  to  1,155  feet ;  depression  on  the  west, 
8  to  15  feet,  partly  occupied  by  a  long  slough.  The  northwest  part  of 
Sec.  35,  in  the  course  of  these  beaches,  is  lower  smooth  till,  with  no  de- 
posits of  sand  and  gravel. 

Goose  Kiver,  near  the  north  line  of  the  NW.  J  of  Sec.  35,  and  the  Lit- 
tle Goose  Kiver,  in  the  north  part  of  Sec.  15,  T.  150,  R.  55,  where  they 
cross  the  ancient  lake  shore,  are  in  valleys  about  30  feet  deep,  eroded 
in  till.  Ea(;h  consists  of  pools  5  to  7  feet  deep  afid  10  to  20  feet  wide, 
alternating  with  other  portions  so  narrow  that  one  may  step  across  them. 

In  the  east  i)art  of  the  west  hah  ol'  Sec.  20  and  the  southwest  corner 
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of  Sec  23y  T.  150,  B.  55,  the  npper  Herman  sbore  is  offset  a  third  of  a 
mile  east  from  the  remainder  of  its  course  and  consists  of  massive  irregu- 
lar swells  of  till,  partly  overspread  with  gravel  and  sand,  1,152  to  1,160 
feet.  Among  them  are  hollows  4  to  G  feet  deep  withont  outlet,  and 
their  entire  belt,  a  qnarter  of  a  mile  wide,  is  crossed  by  depressions  as 
low  as  1,145  feet.  Throngh  Sec.  22  this  shore  bears  a  typical  beach  ridge 
of  Hand  and  gravel,  40  or  50  rods  wide,  1,157  feet,  with  depression  of  10 
to  15  feet  on  the  west ;  descent  of  eastern  slope,  20  to  25  feet  in  30  or  40 
rods.  In  Sec.  15  this  upper  beach,  1,152  to  1,157  feet,  has  a  quite  ir- 
regular form,  chiefly  due  to  erosion  by  the  Little  Goose  Kiver  and  its 
small  tribntaries.  It  is  again  exhibited  in  its  ordinary  type  through 
Sec  10,  being  a  ridge  25  or  30  rods  wide,  with  crest  at  1,155  to  1,157  feet, 
15  to  20  feet  above  its  east  base,  and  with  a  narrow  depression  of  4  to  8 
feet  on  the  west ;  through  the  west  part  of  Sec.  3,  T.  150,  li.  55,  and  the 
west  edge  of  the  SW.  J  of  Sec  34,  T.  151,  R.  55, 1,157  to  1,159  feet,  ex- 
cepting gaps  cnt  by  small  watercourses ;  and  in  the  east  edge  of  the 
NE.  i  of  Sec.  33, 1,154  to  1,157  feet.  Thirty  rods  west  from  the  north- 
east comer  of  this  Sec  33,  its  elevation  is  1,155  feet,  with  slopes  de- 
scending 12  feet  eastward  and  8  feet  westward. 

Lower  Herman  beach,  a  half  mile  to  three-fonrths  of  a  mile  east  of 
the  foregoing,  in  the  west  edge  of  Sees.  14  and  11  and  the  east  edge  of 
Sec  3,  T.  150,  B.  55, 1,130  to  1,135  feet,  from  which  there  is  a  descent 
of  6  feet  to  its  west  base  and  10  feet  to  the  cast  From  the  SE.  i  of  Sec. 
34,  T.  151,  B.  55,  this  beach  passes  northeasterly  to  Larimore. 

Upper  Herman  beach,  a  well  defined  ridge,  running  north  throngh  the 
east  part  of  Sec  28,  T.  151,  B.  55, 1,155  to  1,159  feet';  thence  north- 
northwesterly  through  Sees.  21  and  IG,  1,157  to  1,1G0  feet,  and  through 
the  southwest  part  of  Sec.  9,  the  northeast  of  Sec.  8,  and  the  SE.  ^  ot 
Sec  5, 1,157  to  1,162  feet.  Where  it  is  crossed  by  the  Saint  Paul,  Min- 
neapolis and  Manitoba  Bailway  from  Larimore  to  Devil's  Lake,  in  the 
south  part  of  the  NE.  }  of  Sec.  5,  its  crest  was  1,102  feet,  4  fe^t  above 
the  track,  and  it  holds  the  same  height  for  about  50  rods  northe^ist- 
ward.  .  Two-fifths  of  a  mile  east  from  this  beach  the  railroad  crosses  a 
second  beach  deposit  whose  crest  and  the  track  are  the  same,  1,14G  feet. 

SHOBE  WEST  OF  THE  ELK  AND  GOLDEN  VALLEYS. 

Through  Sec.  32,  T.  152,  B.  55  (Elm  Grove),  the  upper  beach  runs 
northwesterly,  its  elevation  being  1,1G0  to  1,103  feet.  Its  material  is 
coarse  gravel,  with  pebbles  up  to  G  inches  in  diameter,  in  part  accu- 
mulated as  a  ridge  10  or  15  feet  above  the  land  at  its  base  northeast 
and  5  to  8  feet  above  its  southwest  base,  aud  in  part  lying  on  the  flank  of 
swells  of  very  stony  till,  the  crests  of  which  are  only  5  to  10  feet  higher 
than  the  beach.  This  till  or  morainic  drift  contains  a  multitude  of 
granitic  and  limestone  bowlders  up  to  1.}  feet  in  diameter,  but  few  or 
none  of  larger  size.    In  the  rolling  till  which  rises  thence  westward  to 
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1,250  or  1,300  feet  within  2  or  3  miles,  ai*e  many  granitic  bowlders  up  to 
5  feet  or  more  in  diameter,  exceeding  the  usual  proportion  in  the  till  of 
this  region. 

In  the  north  edge  of  Sec.  32  and  the  south  part  of  Sec.  29,  T.  152, 
B.  55,  this  beach  is  the  terracelike  border  of  a  nearly  level  tract  of  saud 
and  gravel  an  eighth  of  a  mile  or  more  in  width,  at  an  elevation  of  1,171 
to  1,173  feet.  The  bordering  slope  is  beach  gravel,  with  its  base  at  1,155 
to  1,158 feet;  but  the  slow  descent  thence  eastward  is  till,  somewhat 
eroded  by  wave  action  and  having  many  small  and  large  granitic  l)Owl- 
ders  up  to  4  or  G  feet  in  diameter  strewn  on  the  surface  or  partially  cov- 
ered by  the  soil.  In  the  NE.  ^  of  Sec  30  this  upper  Herman  beach 
is  typically  developed,  being  a  gracefully  rounded  ridge  of  sand  and 
gravel,  25  or  30  rods  wide;  crest,  1,1G5  to  1,1GG  feet;  foot  of  eastern 
slope,  1,150  feet;  depression  west,  usually  2  to  5  feet,  beyond  which  is  a 
slowly  ascending  area  of  smooth  undulating  till. 

Upper  beach  through  Sec.  10,  T.  l."52,  K.  55,  a  low  rounded  ridge  of 
sand  and  gravel  about  25  rods  wide ;  crest,  1,100  to  1,108  feet;  base  of  its 
east  slope  on  the  north  line  of  this  section,  1,158.  In  the  SW.  i  of  , 
Sec.  18,  this  beach  is  cut  by  the  Souih  l>r:inch  of  the  Turtle  Biver;  its 
elevation  in  this  section  south  of  the  stream  is  1 ,107  to  1,108  feet.  There 
is  no  considerable  valley  here  and  the  creek  runs  only  in  spring  or  after 
unusual  rains,  being  reduced  to  stagnant  pools  during  the  re^t  of  the 
year.  Within  2  miles  southerist^  however,  it  becomes  a  living  stream, 
fed  by  almost  ice-cold  springs ;  and  thence  to  the  secondary  Herman 
beach,  near  Larimore,  it  has  cut  a  valley  50  to  90  feet  deep. 

Elm  Grove,  C/Omprising  about  5  acres,  is  on  this  creek,  a  thinl  of 
a  mile  east  of  the  upper  Herman  sliore  line,  wliich  continues  north- 
northwestward  through  the  southwest  i»art  of  Si»c.  IS,  T.  1 52,  K.  55,  and 
the  northeast  edge  of  Sec.  13,  T.  152,  li.  5(>  (Niagara),  to  the  west  side 
of  Little  Elm  Grove,  10  acres  or  more  in  extent,  in  the  east  part  of  Sec. 
12.  Along  this  distance  of  li  miles  the  surface  presents  a  very  favor- 
able slope,  from  1,150  to  1,200  feet  elevation,  on  which  a  beach  ridge  or 
definite  beach  deposits  would  usually  l>c  found  well  <leveloj)ed  ;  but  the 
waves  and  currents  of  Lake  Agassiz  could  not  act  very  efliciently  here, 
because  this  area  lay  in  the  lee  of  islands  and  ti  wave-formed  bar  or 
beach  several  miles  to  the  east,  which  are  the  eastern  boundary  of  the 
Elk  Valley.  Consequently  deposits  of  beatrh  sand  and  gravel  are  scanty 
on  the  upper  western  shore  of  Lake  Agassiz  here  and  for  40  miles  north- 
ward along  the  extent  of  the  Elk  and  Golden  Valleys,  east  of  which 
a  narrow  chain  of  islands  and  bars  rose  above  the  surface  of  Lake  Agjis- 
siz  during  its  highest  Herman  stage.  I>etween  the  South  Branch  of 
Turtle  Kiver  and  Little  Elm  (irove  the  beach  formation  consists  only 
of  a  thin  covering  of  sand  and  gravel  spread  on  the  sloping  area  of  till, 
elevation  from  1,100  to  1,175  feet.  Several  of  the  small  grassy  chan- 
nels eroded  here,  dry  excepting  in  spring  and  times  of  excessive  rain, 
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are  almost  completely  paved  with  stones  up  to  1  or  2  feet  in  diameter, 
bat  few  stones  occnr  upon  the  adjoining  surface  of  till. 

From  the  Little  Elm  Grove  the  highest  western  shore  of  Lake  Agassi  z 
(consisting  of  a  similar  slope  of  till  ascending  gently  westward,  with 
incouspicaons  deposits  of  beach  gravel  and  sand,  not  accumulated  in 
any  distinct  ridge,  but  probably  recognizable  almost  continuously)  ex- 
tends northwanl  through  Sees.  12  and  1,  T.  152,  K.  oG^  and  Sees.  31  and 
30,  T.  153,  B.  55  (Agues),  to  the  central  part  of  Bachelors'  Grove,  which 
it  passes  through  iu  the  west  half  of  Sec.  30.  This  grove  borders  the 
head  stream  of  Turtle  Eiver  for  1^  miles,  with  an  average  width  of  about 
a  quarter  of  a  mile,  thus  comprising  approximately  250  acres.  It  is 
dense  woods,  chiefly  elm  and  basswood  in  its  east  half,  but  nearly  all 
bur  oak  for  the  west  half.  Much  bur  oak  is  also  found  along  several 
miles  of  this  stream  next  westward,  but  it  is  not  seen  from  the  margin 
of  Lake  AgiissiZf  being  hidden  in  the  valley,  40  to  50  feet  deep,  which 
the  stream  has  eroded  in  that  area  of  undulating  and  rolling  till. 

Surface  at  M.  S.  Waillace's  house,  in  the  middle  of  the  west  edge  of 
Sec.  32,  T.  153,  K.  65, 1,146  feet.  Bridge  over  the  North  Bmnch  of 
Turtle  Biver  on  the  cast  line  of  t&e  SE.  i  of  Sec.  30,  1,150  feet;  chan- 
nel (dry  August  6, 1885),  1,142  feet.  There  is  no  valley  hero,  only  a 
trenchlike  channel  in  the  flat  expanse  of  Lake  Agassiz,  8  feet  deep. 

Herman  beach,  for  the  flrst  mile  or  more  north  from  Bachelors'  Grove, 
passing  through  the  NW.  i  of  Sec.  30  and  the  west  edge  of  Sec.  19, 
1,105  to  1,170  feet.  This  is  mostly  a  well  deflncd  beach  ridge,  20  to  30 
rods  wide,  composed  of  sand  and  gravel,  with  pebbles  up  to  2  inches 
in  diameter.  It  rises  slowly  to  a  height  of  10  or  12  feet  above  the  flat 
land  on  the  east  and  is  bordered  on  the  west  by  a  depression  of  1  to  3 
feet,  beyond  which  a  smoothly  undulating  and  rolling  surface  of  till 
rises  to  an  elevation  of  1,200  and  1,250  feet  at  a  distance  of  3  miles. 
In  the  NW.  J  of  this  Sec.  19  the  beach  deposit  becomes  complex,  con- 
sisting of  several  irregular  ridges  rising  5  to  8  feet  above  their  bases , 
1,167  to  1,170  feet  above  sea  level,  with  inclosed  hollows,  and  the  de- 
pression close  west  occasionally  sinks  to  1,155  feet. 

Surface  at  Michael  McMahon's  house,  40  rods  west  from  the  center 
of  Sec.  13,  T.  153,  R.  50  (Oakwood),  1,170  feet.  Kounded  hill  of  till  a 
half  mile  northeast,  about  1,205  feet;  swells  of  till  in  the  southwest 
part  of  Sees.  12  and  2, 1,195  to  1,210  feet. 

Through  these  Sees.  13  and  12,  the  southwest  part  of  See.  J,  and  in 
Sec  2,  T.  153,  R.  56,  to  the  grove  on  the  north  line  of  this  section  at  tlic 
junction  of  the  north  and  south  brandies  of  Lost  Creek,  and  thence 
northeast  and  north  through  Sec.  35,  T.  154,  Iv.  50  (Eiksinount),  tlic 
Herman  shore,  between  1,160  and  1,170  feet,  is  not  marked  by  any  con 
siderable  deposits  of  gravel  and  sand.  Farther  north  this  shore  is  dis, 
tingiushed  not  only  by  a  noticeable  change  in  the  topographic  features 
along  a  nearly  level  line  at  1,170  feet,  dividing  the  very  flat  area  of  the 
glacial  lake  from  theamdnlating  and  rolling  till  on  the  west,  but  also 
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by  occasional  beach  deposits.  Tlirongb  tbo  soutb  half  of  Sec.  2G  a  some- 
what typical  beach  ridge  of  sand  and  g^riivel,  15  to  25  rods  wide,  with  & 
depression  of  3  to  G  feet  on  its  weKt  side,  runs  north  and  northwest, its 
crest  being  at  1,175  to  1,170  feet,  declining  from  south  to  north.  On 
the  east  its  slope  falls  5  to  10  feet  in  10  to  20  rods;  and  tiienco  a  more 
gentle  descent,  with  surface  of  sand  and  fine  gravel,  sinks  to  1,155  feet 
within  an  eighth  of  a  mile.  In  the  N  W.  ^  of  this  Sec.  2G  the  beach  ridge 
ceases  and  is  succeeded  northward  by  an  expanse  of  nearly  fiat  till, 
which  along  the  north  line  of  this  section  sinks  eastward  from  1,175  to 
1,155  feet. 

Elk  Valley,  for  12  miles  from  Elm  Grove  and  McCanna  north  to  Forest 
Biver,  is  nearly  constant  in  elevation,  which  is  1,155  feet  on  its  west 
border  and  1,135  feet  near  its  east  side,  its  average  width  being  abont 
4  miles. 

Surface  at  Frank  Hamilton's  house,  in  the  center  of  the  NE.  ^  of  Sec. 
15,  T.  154,  K.  50,  1,178  feet. 

Upper  Uerman  beach,  a  definite  and  massive  ridge  of  sand  and  fine 
gravel,  25  to  40  rods  wide,  for  a  half  mile  south  from  the  South  Branch 
of  Forest  River,  in  the  west  part  of  tlio  NVV.  i  of  Sec.  14,  T.  164,  R.  60, 
1,173  to  1,178  feet,  passing  north  and  northwest,  with  a  descent  of  12 
to  15  feet  on  the  east  and  a  depression  of  4  to  8  feet  on  the  west. 

Beyond  this  branch  of  the  Forest  Bivcr,  in  the  north  half  of  Sec  10, 
the  beach  ridge,  similar  in  outline,  with  its  crest  at  1,174  tb  1,179  feet, 
is  tbe  site  of  an  abandoned  railway  grade,  on  account  of  which  its  mate- 
rial is  well  exhibited.  It  is  sand  and  gravel,  and  three-fourths  of  the 
pebbles,  mostly  less  than  2  inches  in  diameter,  are  dark  gray  slaty  shale. 
Tw(^nty  miles  to  the  south-southeast  the  same  shale  in  small  grains 
makes  fully  two-thirds  of  a  stratum  of  sand  that  extends  from  20  to  GO 
feet  in  depth  in  the  well  at  the  Sherman  House,  Larimore.  Pebbles  of 
it  were  also  observed  in  kanieliko  deposits  of  gravel  and  sand  near 
i>alaton,  Lyon  County,  in  South weistx^rn  Minnesota.  During  the  further 
exploration  of  the  western  shore  of  Lake  Agassiz  this  shalo  was  dis- 
covered in  plaeo  and  is  found  to  be  the  be<l  rock,  of  cretaceous  age, 
which  forms  the  conspiciiousescarpment  of  Pembina  Mountain,  though 
even  there  it  is  generally  covered  and  concealed  by  drift. 

Natural  surface  at  the  northwest  corner  of  Sec.  3,  T.  154,  R.  66,  on  the 
line  between  Grand  Forks  and  Walsh  Counties,  1,181  feet. 

The  upper  Herman  shore  passes  north-northwesterly  through  this 
corner  of  Sec.  3  and  the  east  part  of  Sec.  33,  T.  155,  K.  5G  (Medford),  to 
the  Middle  Branch  of  Forest  River  (farther  east  formerly  called  Salt 
Kiver),  which  it  r(»achos  uoav  thi*  center  of  the  east  half  of  Sec.  28.  It 
has  only  scanty  deposits  of  beach  gravel  and  sand,  nowhere  forming  a 
fidge;  instead,  the  surface  is  mainly  till,  very  ilat  east  of  this  shore, 
but  undulating  or  rolling  westwanl. 

The  South  and  Midtlhi  Branches  of  Forest  River  occupy  valleys  25  to 
40  feet  deep  and  20  to  30  rods  wide.     They  are  bordered  with  groves, 
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or  at  least  a  continaoas  line  of  trees,  along  the  greater  part  of  their 
course. 

In  the  NW.  i  of  Sec.  28  and  the  west  part  of  Sec.  21,  T.  l.!}5,  li.  56,  the 
highest  shore  line  of  Lake  Agassiz  is  very  distinctly  marked,  at  1,18^  to 
1,185  feet,  by  being  the  upper  edge  of  a  flat  slope  of  till,  probably  with 
scanty  deposits  of  gravel  and  sand,  which  sinks  20  to  lU)  feet  in  the  next 
half  mile  eastward.  Farther  east,  for  the  width  of  3  or  4  miles  across 
the  Elk  Valley,  the  surface  elevation  is  1,160  to  1,125  feet. 

Just  west  of  this  shore  lino  a  knolly  belt  of  morainic  drift,  bearing  si 
man'elons  profusion  of  bowlders,  occupies  a  width  of  25  to  50  rods, 
generally  forming  a  single  series  of  hillocks  rising  15  to  30  or  35  feet. 
These  are  strewn  with  bowlders  of  all  sizes  up  to  5  feet  and  rarely  8 
feet  in  diameter,  so  plentiful  that  the^^  cover  a  third  or  even  half  of  tlu* 
surface.  A  few  masses  of  limestone  were  observed  ;  but  fully  99  per 
cent,  of  the  bowlders  are  archean  granite  and  gneiss.  This  is  the  most 
eastern  iK)rtion  of  a  semicircular  moraine,  which  appears  to  have  beiMi 
accumulated  on  the  eastern  boundary  of  a  lobe  of  the  ice  sheet  during 
a  pause  in  its  retreat.  From  Sees.  21  and  28  this  moraine  continues, 
with  nearly  the  same  features,  south  and  southwest  to  the  SE.  |  of  Sec. 
32,  and  thence  west-southwest  by  Pilot  Knob  in  the  NW.  j:  of  Sec.  5,  T. 
154,  B.  66,  to  the  west  side  of  Sec.  1,  T.  154,  E.  57,  and  perhaps  beyond. 
Its  hills  and  knobs  rise  25  to  75  feet  above  the  general  level  of  the  ad- 
joining smoothly  undulating  till,  their  tops  being  1,250  to  1,300  feet 
above  the  sea.  To  the  north,  northwest,  and  west  it  reaches,  with  sim- 
ilar development,  in  a  great  curve  convex  to  the  northeast,  along  an 
extent  of  5  or  6  miles,  to  a  cluster  of  prominent  morainic  hills  rising 
50  to  75  feet,  situated  in  Sees.  2  and  3,  T.  155,  E.  57.  This  moraine 
matter  was  doubtless  englacial ;  among  its  multitude  of  both  large  and 
small  rock  fragments  a  half  hour's  search  failed  to  discover  any  marked 
with  stri»  or  having  surfaces  planed  by  glaciation.  On  the  west  the 
area  inclosed  by  this  curving  moraine  is  very  smooth,  only  slightly 
undulating  till,  at  1,185  to  1,250  feet,  ascending  slowly  westward. 

Another  distinct  morainic  series,  similar  in  its  very  knolly  contour, 
in  its  material  (excepting  a  larger  x>roportion  of  gravel,  half  of  which 
is  the  cretaceous  shale  before  described),  and  in  the  great  abundance  of 
bowlders,  nearly, all  granitic,  branches  from  the  preceding  in  the  north 
part  of  Sec.  8,  T.  155,  R.  56,  and  sweeps  northeast  and  north  through  the 
west  hsdf  of  Sec.  4,  and  thenee  northwest  and  west  through  Sees.  32, 29, 
and  19,  T.  166,  B.  56  (Vernon),  and  Sees.  13  to  IG,  T.  156,  K.  57  (Norton), 
to  a  group  of  morainic  hills  about  75  feet  high,  a  mile  northwest  of  Gait 
post  office.  Between  this  curved  moraine  and  the  nearly  parallel  north- 
ern part  of  the  preceding,  4  miles  distant  to  the  south,  the  surface  is 
very  smooth  undulating  till,  rising  slowly  toward  the  west. 

These  moraines,  with  their  east  base  at  1,185  to  1,170  feet  above  the 
sea,  formed  the  west  shore  of  Lake  Agassiz  at  its  highest  stage  for 
nearly  7  miles  between  the  Middle  and  North  Branches  of  the  Forest 
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River.  The  North  Branch  intersects  this  shore  line  near  the  center  of 
Sec.  20,  T.  156,  R.  56,  close  to  the  southwest  end  of  Ramsey's  groves, 
which  extend  thence  about  a  mile  ^long  this  watercourse  in  the  north 
part  of  Sec.  20  and  the  SE.  J  of  Sec.  17.  The  stream  in  these  sections 
has  no  valley,  only  a  channel  20  to  30  feet  wide  and  10  feet  deep. 

Elevation  of  road  at  the  southeast  corner  of  this  Sec.  20, 1,177  feet 

Golden  Valley,  on  the  northline  of  Sees.  4  and  5,  T.  156,  R.  50, 1,185 to 
1,195  feet,  showing  an  ascent  of  10  feet  from  east  to  west  in  its  width  of 
2  miles.  About  the  sanie  transverse  slope,  raising  the  west  side  of  this 
valley  10  or  15  feet  above  its  east  side,  is  found  along  its  whole  extent 
of  20  miles  or  morcj  from  the  Middle  and  JTorth  Branchesof  Forest  River 
to  the  Middle  and  Korth  Branches  of  Park  River.  In  the  north  half  of 
T.  156,  R.  56,  and  thence  northward,  the  width  of  this  valley  varies  from 
1^  miles  to  only  1  mile.  It  is  flat  and  consists  mainly  of  clay,  free  from 
gravel;  but  avcHs  lind  gravel  intermixed  with  the  clay,  probably  till,  at 
a  depth  of  a  few  feet,  and  about  20  feet  from  the  surface  they  sometimes 
encounter  a  water-bearing  stratum  of  gravel,  chiefly  made  uj)  of  ere* 
taceous  shale. 

Natural  surface  at  the  southwest  corner  of  Sec.  27,  T.  157,  R.  56 
(Garfield),  1,191  feet.  Highest  part  of  C^olden  Valley  south  of  the 
South  Branch  of  Park  River,  along  the  north  line  of  Sees.  27,  28,  and 
29,  in  this  township,  1,101)  feet  on  the  east  to  1,211  feet  on  the  west. 
Surface  at  school-house  on  the  west  side  of  the  NVV.  ^  of  Sec.  21, 
1,207  feet. 

South  Branch  of  Park  River  at  the  Garfield  bridge,  near  the  middle 
of  the  north  line  of  Sec>.  21,  T.  157,  K.  5(>,  1,170  f(M*t,  approximately; 
bottomland  about  a  cpiarter  of  a  mile  wi<le,  10  to  15  feet  above  the 
stream;  crest  of  the  south  blull*  rising  to  the  Hat  belt  of  the  Golden 
Valley,  1,191  to  1,209  feet,  ascending  westward  ;  of  the  north  bluff,  1,189 
to  1,205  feet. 

Golden  Valley,  on  the  north  line  of  Sec.  5,  T.  157,  K.  5G,  1,195  to  1,205 
feet;  2  miles  farther  north,  ou  the  north  line  of  Sec.  29,  T.  158,  R.  5G 
(Lamptoii),  1,198  to  1,208  feet.  In  this  northern  part  of  the  valley  lim- 
ited tracts  of  its  Hat  area  are  strewn  with  abundant  bowlders  up  to  2 
feet  and  less  fie(iuently  3  or  4  feet  in  diameter.  T\wy  are  probably 
where  swells  of  till  rose  nearly  to  the  surface  of  the  water  in  this  strait 
of  Lake  Agassiz,  so  that  its  line  portions  were  swept  away  by  waves 
and  currents,  to  be  deposited  elsewhere  in  the  valley  as  clayey  silt,  leav- 
ing the  masses  of  rock  which  could  not  be  thus  removed.  Apjiroach- 
ing  the  Middle  Branch  of  Park  River,  the  surface  of  Golden  Valley 
continues  very  smooth  and  Hat,  but  it  ceases  to  have  a  continuous  ascent 
from  east  to  west,  some  portions  along  the  center  being  depressed  a  few 
feet.  Such  a  shallow  hollow  holds  a  slouch  about  a  mile  long  from 
south  to  north  and  a  half  mile  wide  in  its  broadest  part,  at  1,193  feet, 
extending  from  the  north  eil^e  of  Sec.  20  through  the  west  part  of  Sec. 
17,  T,  158,  R,  50,  in  which  a  small  area  of  water  remains  throughout 
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the  year.    Ou  each  side  of  this  plough  aud  for  miles  Houth  and  north, 
this  valley  is  a  great  hay  meadow. 

The  west  border  of  the  Golden  Valley  was  the  most  western  shore  of 
Lake  Agassiz  iu  its  highest  stage,  but  it  is  only  very  scantily  marked 
by  deiKMits  of  beach  gravel  aud  sand,  because  of  its  sheltered  position 
on  the  western  and  leeward  side  of  this  narrow  strait.  From  the  mid- 
dle of  Sec  20,  T.  15G,  K.  50,  tliis  shore  lino  extends  in  a  quite  direct 
coarse  a  few  degrees  west  of  north  11  miles  tlirough  the  west  paii}  of 
Sees.  17,  8,  and  5,  in  this  township,  Seen.  32,  20,  20,  17,  8,  and  5,  T. 
157,  R.  56,  and  the  east  edge  of  Sees,  ol  and  30,  T.  158,  K.  50.  For 
the  next  3  miles,  in  the  east  edge  of  Sees.  11),  18,  and  7,  T.  158,  E.  50, 
it  runs  nearly  due  north.  Thence  it  turns  to  a  noitli westerly  course 
through  See.  0  of  this  township,  passing  a  mile  west  of  Edinburgh 
liost  office  and  through  Sec.  31,  T.  150,  K.  50.  In  this  vicinity  the 
Golden  Valley  terminates. 

Bushes  and  tree^  clothe  the  sU)pe  on  the  west  side  of  the  Golden 
Valley  along  its  northern  part,  extending  to  tlie  south  line  of  T.  158,  K. 
5G ;  but  this  iiscent  fartlier  soutli,  also  the  entire  extent  of  the  Golden 
Valley,  the  drift  hills  forming  it.s  east  border,  aud  tlie  vast  plain  of  the 
Ked  River  Valley,  are  prairie,  excepting  that  narrow  belts  of  timber 
border  the  water  courses. 

Smoothly  undulating  till  rises  slowly  from  the  west  side  of  the  south- 
em  part  of  the  Golden  Valley ;  but  in  Sec.  30,  T.  158,E.50,rouuded  hills 
of  till  attain  a  height  about  100  feet  above  the  valley,  or  1,300  feet  alwve 
the  sea.  Thence  northward  a  smooth  slope  ascends  50  to  00  feet,  or  in 
some  portions  only  30  or  40  feet,  within  the  first  quarter  or  half  of  a 
mile  to  the  west,  succeeded  beyond  by  a  moderately  rolling  surface  with 
less  ascent. 

A  terrace  of  beach  sand  and  gravel,  containing  pebbles  and  cobbles 
up  to  G  inches  in  diameter,  extends  a  thinl  of  a  mile  from  southeast  to 
northwest,  with  a  width  of  5  to  30  rods,  in  the  NW.  i  of  Sec.  33,  T.  158, 
B.  5C,  abutting  ou  the  west  Hank  of  the  rolling  and  hilly  deposits  of  till 
which  make  the  east  border  of  the  Golden  Valley.  It  was  formed  by 
currents  entering  this  strait  of  Lake  Agassiz  from  the  north,  eroding  the 
bordering  hills  in  the  east  edge. of  Sees.  20  and  29,  and  tlience  sweeping 
this  sand  and  gravel  southward.  It  marks  the  higlie.st  stage  of  Lake 
Agassiz,  having  au  elevation  of  1,213  to  1,195  feet,  declining  from  north 
to  south,  and  also  sinking  1  or  2  feet  from  west  to  east  in  its  width  of 
100  to  500  feet,  being  thus  slightly  higher  along  ils  verge  than  where  it 
rests  upon  the  adjoining  hilly  till. 

}7atural  surface  at  the  quarter  section  stake  on  the  east  side  of  See. 
8,  T.  158,  E,  50,  1,203  feet;  at  Edinburgh  post  otlice,  near  the  center  of 
Sec  5, 1,203  feet. 

Middle  Branch  of  Park  River  a  half  mile  south  of  Edinburgh,  approxi- 
mately, 1,185  feet;  crest  of  the  south  bank  of  the  very  small  valley  of 
this  stream,  rising  to  the  Hat  Goldeu  Valley,  1,192  feet  on  the  east  to 
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1,215  feet  on  the  west.  The  Golden  Valley  liere  shows  thus  a  trans- 
verse ascent  of  more  than  20  feet  in  its  width  of  about  1  mile.  Ou  the 
north  line  of  Sees.  5  and  6,  T.  158,  R.  56,  the  east  edge  of  this  valiey  has 
an  elevation  of  1,210  feet,  and  its  west  edge,  1,220  feet.  About  a  half 
mile  farther  north,  the  height  of  this  belt,  where  it  is  crossed  by  a  tribu- 
tary of  the  Middle  Branch,  is  1,220  to  1,235  feet,  from  east  to  west,  being 
thus  above  the  highest  level  of  Lake  Agassiz.  Elevation  of  this  tribu- 
tary at  a  bridge  of  a  road  that  runs  very  crookedly  through  bushes  and 
small  woods  in  Sec.  32,  T.  159,  R.  5Gy  1,204  feet;  and  at  a  bridge  a  few 
rods  north  of  the  middle  of  the  east  side  of  Sec  29, 1,175  feet. 

BGAOUES  AND  ISLANDS  EAST  OF  THE  ELK  AND  GOLDEN  YAJXETB. 

Eeturning  about  45  miles  south  to  Larimore,  we  have  yet  to  describe 
the  beaches  of  Lake  Agassiz  and  its  islands  of  rolling  and  hilly  till 
which  divided  the  strait  of  the  Elk  and  Golden  Valleys  in  Grand  Forks 
and  Walsh  Counties  from  the  main  body  of  this  glacial  lake. 

Saint  Paul,  Minueapolis  and  Manitoba  Bailway  track  at  Larimorei 
1,134  feet  above  the  sea. 

The  upper  or  first  and  the  second  Uerman  beaches  before  described, 
,  respectively  4J  and  4J  miles  west  of  Larimore,  are  1,162  and  1,146  feet 
above  the  sea.  Third  Herman  beach,  a  third  of  a  mile  east  of  Larimore 
depot,  crest,  1,133  feet;  another  beach  belonging  to  the  same  stage  of 
Lake  Agassiz,  a  third  of  a  mile  farther  east,  crest,  1,134  feet,  with  de- 
scent in  thirty  or  forty  rods  east  11  feet,  and  in  the  same  distance  west 
9  feet.  Fourth  Ilerniau  beach,  consisting  of  four  small  beach  ridges 
crossed  by  the  railway  IJ  to  2  miles  east  of  Larimore,  crests,  1,123 
to  1,118  feet,  with  intervenin*j;  hollows  3  to  5  feet  deep.  A  nearly  level 
tract  reaches  4  miles  westward  from  Larimore  along  the  railway  to 
Devil's  Lake,  averaging  1,130  feet  and  varying  only  2  or  3  feet  above 
and  below  this  level.  Beneath  the  rich  black  soil  here  and  elsewhere, 
all  about  Larimore,  are  stratified  sand  and  line  silt  free  from  gravel. 
The  beach  ridges  near  this  town  are  consequently  composed  wholly  of 
sand,  quite  in  contrast  with  their  usually  coarser  material. 

Well  at  the  Sherman  House,  Larimore,  L.  C  Neal,  proprietor,  dug 
20  feet  and  bored  40  feet  lower:  soil,  2  feet;  line  sandy  and  clayey  silt^ 
without  coarse  sand,  gravel,  or  stones,  5  feet;  fine  yellowish  sand, 
with  less  clay,  being  mainly  siliceous,  13  feet ;  and  dark  sand,  very  soft 
to  bore  through,  two-thirds  cretaceous  shale  in  i)articles  up  to  a  twen- 
tieth of  an  inch  in  diameter,  40  feet,  with  much  water.  Uard  blue  till 
was  found  at  the  bottom.  This  is  tlie  deepest  well  in  the  town.  All 
the  other  wells  are  said  to  obtain  their  sui)ply  of  water  at  a  depth  of 
about  20  feet,  in  the  upper  part  of  this  sand  chiefly  derived  from  shale* 
The  origin  and  manner  of  deposition  of  these  beds  of  saud  and  silt  de- 
serve further  observations  and  study. 
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The  beach  seeu  two-thirds  of  a  mile  east  of  Larimore  x^asses  uurth  and 
uorth-northwesterl^'  through  the  east  half  of  Sees.  7  and  G,  T.  151,  li. 

54,  and  the  west  half  of  Sees.  31  and  30,  T.  152,  K.  54,  into  the  southeant 
corner  of  Sec.  24,  T.  152,  li.  55.  North  of  the  South  Branch  of  Turtle 
Biver  it  is  not  a  typical  ridge,  but  a  series  of  massive  rounded  swells 
of  sand  10  to  15  feet  high,  with  their  crests  at  1,135  to  1,140  feet. 

A  i>arallel  beach  ridge  a  third  to  a  half  mile  west  of  the  foregoing, 
mostly  massive,  with  typical  wavelike  form,  has  an  elevation  of  1,133 
feet  close  east  of  Larimore ;  1,144  feet  at  a  cemetery  close  north  of  the 
Sonth  Branch  of  Turtle  Biver  in  or  near  the  southwest  corner  of  Sec;.  31, 
T.  152,  R  54 ;  chiefly  1,137  to  1,140  feet  in  its  course  thence  north-north- 
westerly through  Sees.  3G  and  25,  the  west  edge  of  Sec.  24,  and  the  east 
half  of  Sec  14,  T.  152,  B.  55 ;  1,143  to  1,145  feet  in  the  west  half  of  Sec. 

11  and  1,143  to  1,147  feet  in  the  east  edge  of  Sec.  3  of  this  township. 
Along  the  west  edge  of  Sec.  11,  a  duplication  of  this  beach  ridge,  of  the 
same  massive  size,  lying  a  half  mile  farther  west,  extends  a  mile  south 
from  the  North  Branch  of  Turtle  Biver,  its  crest  being  at  1,142  to  1,145 
feet;  but  thence  southward  the  general  elevation  is  about  1,130  feet  to 
the  tract  of  this  height  crossed  by  the  railway  west  of  Larimore,  except- 
ing that  the  South  Branch  of  Turtle  Biver  has  eroded  a  valley  40,  tx)  75 
feet  deep.  The  distance  of  one  and  a  half  miles  from  Larimore  north  to 
this  stream  is  a  gradually  descending  smooth  slope,  but  its  northern 
bluff  rises  steeply  to  a  height  a  few  feet  above  that  of  Larimore. 

North  Branch  of  Turtle  Biver  in  the  north  half  of  Sec.  11,  T.  152,  B. 
55, 1,085  to  1,075  feet ;  bottomland,  an  eighth  of  a  mile  wide,  10  to  15 
feet  above  the  stream ;  crest  of  bluffs  a  quarter  to  a  third  of  a  mile  apart, 
about  1,135  feet. 

Saint  Paul,  Minneapolis  and  Manitoba  Bailway  at  McCanna,  1,140 
feet;  on  bridge  over  the  North  Branch  of  Turtle  Biver,  1,132  feet,  17  feet 
above  the  stream ;  summit,  in  the  northeast  corner  of  Sec.  22,  T.  153,  B. 

55,  grade  and  natural  surface,  1,1G4  feet ;  Orr,  1,008  feet. 

Lower  Herman  beach,  running  northwesterly  in  tbe  northeast  part  of 
Sec.  24,  T.  152,  B.  55, 1,127  to  1,128  feet,  with  depression  of  2  to  3  feet 
on  its  west  side;  in  Sec.  13, 1,127  to  1,132  feet;  in  tbe  west  X)art  of  Sec. 

12  and  the  northeast  part  of  Sec.  11, 1,130  to  1,135  feet,  being  in  these 
sections  the  easternmost  in  a  succession  of  three  beach  ridges,  tbe  two 
others  of  which  are  10  feet  higher;  at  E.  C.  D.  Shortridge's  house,  in 
the  center  of  Sec.  2, 1,137  feet,  forming  a  broad  Hat  swell  of  sand  and 
fine  gravel,  with  a  depression  of  3  to  5  feet  on  its  west  side;  in  tbe  west 
part  of  Sec.  36,  through  Sees.  2G  and  23,  and  the  southwest  edge  of  Sec. 
14,  T.  153,  B.  55,  a  continuous,  well  defined  beach  ridge,  1,140  to  1,149 
feet,  with  a  descent  of  10  to  15  feet  on  tbo  east  and  a  depression  of 
about  5  feet  on  the  west;  in  tbe  cast  edge  of  the  NE.  J  of  Sec.  15  and 
through  the  SE.  4  of  Sec.  10,  a  deposit  of  sand  and  fine  gravel,  with  nearly 
level  top  20  to  30  rods  wide,  1,145  to  1,149  feet,  from  which  a  slope  falls 
10  or  15  feet  in  20  to  30  rods  eastward,  while  on  the  west  it  is  bordered 
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by  a  slough  5  to  20  rods  w^'de,  wbicb  is  partly  i)ermanciit  watet  and 
partly  mowiug  land.  It  is  to  be  noted  tbat  the  nortbern  two-tbirds  of 
tbe  beacb  here  described  for  a  distauco  of  8  miles  corresponds  iu  eleva- 
tion with  the  two  beaches  close  east  of  Larimore  and  their  continuation 
northward  to  the  iNTorth  Branch  of  Turtle  River,  marking  tl^e  third  Her 
man  stage  of  Lake  Agassiz ;  but  that  the  southern  part  records  aslightly 
lower  level  of  the  lake,  when  it  had  fallen  about  10  feet,  or  to  its  fourth 
Herman  stage. 

On  the  west  bide  of  this  beacb  a  smoothly  undulating  broad  swell  of 
till,  which  was  an  island  iu  Lake  Agassiz,  lies  iu  the  west  part  of  Sec 
26  and  the  east  edge  of  Sec.  27,  T.  153,  E.  55,  with  nearly  level  top 
of  several  acres,  at  1,183  to  1,190  feet.  An  aboriginal  burial  mound, 
raised  4  feet  and  50  feet  across,  is  situated  on  the  highest  part  of  this 
area,  15  rods  east-northeast  from  the  quarter-section  stake  between 
the.s& sections.  Such  localities,  overlooking  an  extensive  and  beautiful 
panorama,  were  frequently  chosen  for  this  use,  as  is  shown  by  many 
mounds  on  hill-tops  and  on  the  margin  of  bluffs  bordering  deeply  eroded 
valleys  throughout  the  Northwest.  A  lower  tract  of  somewhat  roughly 
rolling  till,  with  plentiful  bowlders,  reaches  a  third  of  a  mile  south- 
easterly from  this  swell  to  the  south  edge  of  Sec.  26.  Thence  a  broad 
ridge  of  beach  gravel  and  sand,  belonging  to  the  second  and  third  Her- 
man stages  of  Lake  Agassiz,  with  an  elevation  of  1,153  to  1,151  feet, 
sinking  south vvard  to  1,145  feet,  extends  south-southeasterly  through 
the  east  half  of  Sec.  35  and  continues  with  the  same  course  to  Larimore, 
as  before  described. 

North  of  this  island  the  upper  Herman  beach  is  represented  in  tbe 
east  part  of  the  SE.  J  of  Sec.  22  and  in  the  west  half  of  the  S\V.  J  of  Sec. 
23,  T.  153, 11.  55,  by  a  wide  tract  of  gravel  and  sand  deposits,  in  irreg- 
ular ridges  and  swells  rising  4  to  8  feet,  mostly  trending  from  north 
to  south,  with  their  crests  at  1,104  to  1,170  feet.  Next  to  the  north  it 
is  a  w^ell  defined  beach  ridge,  with  crest  rising  from  1,103  to  1,168  feet 
in  its  course  of  a  half  mile  from  south  to  north  through  the  east  edge  of 
the  NE.  i  of  Sec.  22. 

In  the  SE.  ^  of  Sec.  15,  T.  153,  U.  55,  the  plain  that  descends  slowly 
toward  the  lied  Kiver  on  the  east  is  divided  from  the  Elk  Valley  on 
the  west  by  a  low  swell  of  till,  having  an  elevation  of  1,157  to  1,100 
feet,  destitute  of  beach  deposits.  This  is  succeeded  in  the  north  part 
of  this  section  and  the  south  i)art  of  Sec.  10  by  a  second  island  which 
rose  above  the  highest  level  of  the  glacial  lake,  having  a  length  of  1 
mile  from  south  to  north  and  averaging  a  quarter  of  a  mile  wide,  its 
elevation  iu  the  SW.  ^  of  the  NE.  ^  of  Sec.  15  being  about  1,187  feet,  on 
the  line  between  these  sections  abont  1,175  feet,  and  near  the  center  of 
Sec.  10,  at  the  north  end  of  this  irregular  ridge,  about  1,180  feet.  Its 
material  is  till,  partially  overspread  in  its  south  half  by  gravel,  which 
seems  to  have  been  brought  by  the  currents  and  waves  of  Lake  Agassi? 
from  the  erosion  of  its  northern  portion. 
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The  beach  of  Lake  Agassiz  during  its  highest  stage  extends  north 
from  the  north  end  of  this  island  into  the  S W.  i  of  Sec.  3,  T.  153,  E.  55, 
where  it  is  a  ridge  aboat  20  rods  wide,  with  an  elevation  of  1,105  to  1,172 
feet,  composed  of  coarse  gravel  and  sand,  inclosing  plentiful  rock  frag- 
ments, chiefly  granitic,  of  all  sizes  up  to  0  inches  in  diameter,  most  of 
which  are  only  slightly  water- worn.  Its  eastern  slope  descends  15  to 
20  feet  in  as  many  rods,  and  on  the  west  an  equal  descent  takes  place 
within  8  or  10  rods.  The  steep  western  sloi>e  of  this  beach  or  bar,  form- 
ing the  east  rim  of  the  strait  that  filled  the  Elk  Valley,  was  due  to  storms 
on  ttie  broad  lake,  rolling  its  waves  upon  tbe  bar  and  carrying  the  sand 
and  coarse  gravel  upward  and  over  its  crest.  Turning  northwestward, 
this  beach  passes  into  the  !NE.  ^  of  Sec.  4,  where  it  consists  of  irregular 
accumulations  of  gravel  and  sand,  occupying  a  width  of  an  eighth  to  a 
foorth  of  a  mile,  with  their  crests  at  1,155  to  1,102  feet.  In  the  north 
edge  of  Sec.  4  it  again  becomes  a  definite  beach  ridge  of  the  same  ma- 
terial and  contour  as  in  Sec.  3,  and  thus  passes  northeast  and  north 
through  Sec.  33,  T.  154,  R.  55^  with  its  crest  mostly  at  1,105  to  1,172  feet, 
its  lowest  part,  about  1,102  feet,  being  near  the  center  of  this  section. 
The  two  islands  before  described,  this  beach  or  bar,  and  the  long  island 
next  northward  are  together  commonly  called  "  The  Ridge,"  being  the 
eastern  limit  of  the  Elk  Valley,  which  averages  4  miles  wide,  1,150  to 
1 ,140  feet  above  the  sea  in  its  eastern  and  central  portions,  but  rising  with 
a  transverse  slope  to  1,100  feet  on  its  western  border. 

A  third  island  above  the  highest  stage  of  Lake  Agassiz,  3  mikslong 
from  south  to  north  and  a  quarter  to  a  half  mile  wide,  reaches  through 
the  cectral  part  of  Sees.  28  and  21,  the  west  half  of  Sec.  10,  and  into 
the  southwest  corner  of  Sec.  9,  T.  154,  R.  55.  It  is  till,  with  somewhat 
uneven  surface,  bearing  frequent  bowlders,  Highesu  points  of  this  in 
Sees.  28  and  21, 1,1S5  to  1,195  feet;  intervening  gaps,  about  1,170  feet ; 
summit,  near  the  center  of  the  SW.  ^  of  Sec.  IS,  1,223  feet,  and  lower 
summit,  about  a  half  mile  to  the  north,  1,213  feet,  each  bearing  a  flat 
round  earthwork  about  1  foot  higher ;  lowest  dcprcssicna  intervening, 
about  1,195  feet;  depressions  in  the  northwest  part  of  Sec.  10, 1-,185 
feet,  and  highest  ijoints  in  the  southwest  corner  of  Sec.  0, 1,104  and  1,195 
feet  Beach  deposits  occur  on  the  east  flank  of  this  island  in  Sec.  21 
at  1,155  to  1,163  feet,  and  from  1,155  feet  a  smooth  slope  of  sand  and 
fine  gravel  falls  slowly  eastward  along  the  east  side  of  this  highland 
through  the  greater  part  of  its  extent. 

In  the  southeast  part  of  Sec.  8,  T.  154,  R.  55,  irregular  accumula- 
tions of  beach  gravel,  with  crests  at  1,170  to  1,175  feet,  10  to  15  feet 
above  the  adjoining  depressions  of  till,  extend  northward  from  the 
island  just  described ;  and  in  the  north  part  of  this  Sec.  8  the  beach 
sinks  within  an  eighth  of  a  mile  from  1,172  to  1,101  feet  and  changes 
to  a  broad,  smooth  ridge,  which  thence  passes  northward  through  Sec. 
5  of  this  township,  in  which  it  is  intersected  by  the  Forest  River,  with 
valley  a  half  mile  wide  and  00  to  75  feet  deep,  and  through  the  west 
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half  of  Sec.  33,  T.  155,  B.  55,  near  the  ceuter  of  which  it  has  three 
aborigiual  mounds  on  its  top.  The  material  of  this  beach  ridge  is  fine 
{(ravel  and  sand.  Elevation  of  its  crest  on  the  liue  between  Sees*  8  and 
5, 30  to  40  rods  east  of  the  quarter-section  stake,^  1,161  feet;  an  eighth 
of  a  mile  north,  at  the  verge  of  the  south  bluff  of  Forest  Biver,  1,155 
feet;  for  the  first  half  mile  from  the  bluff  north  of  this  river,  1,152  to 
1,157  feet;  and  at  the  mouuds  in  Sec.  32, 1,150  to  1,159  feet  These 
mounds  lie  in  a  lino  bearing  north-northeast;  top  of  most  sontherly 
mound,  1,102  feet,  about  0  feet  above  the  adjaccut  ground;  elevation  of 
the  middle  one,  some  20  rods  away,  1,106  feet,  and  of  the  most  northern, 
again  about  20  rods  from  the  last,  1,107  feet,  each  being  8  feet  higher 
than  its  base. 

Another  beach  ridge,  20  rods  wide,  with  descent  of  10  feet  on  each 
side  in  as  many  rods,  formed  during  the  same  stage  of  Lake  Agassis, 
]ies  a  half  to  three-fourths  of  a  mile  west  from  the  foregoing,  in  the  NE.  i 
of  Sec.  0,  T.  154,  E.  55.  This  is  the  highest  land  between  the  main 
Forest  Biver  and  its  South  Branch.  It  consists  of  sand  and  fine  gravel, 
of  which  a  considerable  proportion  (about  a  sixth)  is  cretaceous  shale. 
The  maximum  elevation  of  this  ridge,  1,157  to  1,164  feet,  is  maintained 
for  50  or  60  rods,  from  which  it  sinks  to  1,150  feet  at  each  end. 

From  the  north  side  of  Sec.  32,  T.  155,  B.  55,  an  island  of  rolling  and 
hilly  till  above  the  highest  level  of  Lake  Agassiz,  far  larger  than  any 
of  those  already  described,  extends,  with  the  exception  of  two  short 
gaps,  20  miles  northward,  varying  in  width  from  a  half  mile  to  a  little 
more  than  1  mile  in  its  southern  quarter  aud  from  1 J  to  2.J  miles  through 
the  remainder  of  its  extent.  This  hilly  tract,  commonly  denominated 
"the  mountains,"  forms  the  east  bonier  of  the  Golden  Valley.  In  the 
north  part  of  Sec.  30,  T.  150,  B.  5(»,  it  lias  a  depression  to  about  1,180 
feet,  which  probably  was  a  strait  of  the  f^laeial  lake  in  its  highest  stage, 
an  eighth  of  a  mile  wide  and  a  few  feet  deep.  Again,  in  the  center  of 
T.  157,  B.  50  (Garfield),  it  is  inter.sected  by  the  South  Branch  of  Park 
Biver,  which  has  a  valley  a  quarter  to  a  half  of  a  mile  wide  and  about 
75  feet  deep.  The  strean),  in  its  course  of  l.J  miles  through  this  belt, 
ileseends  about  50  feet,  from  1,105  to  1,115  feet,  approximately.  It 
seems  almost  certain  that  a  depression  slightly  lower  than  the  Golden 
Valley  on  the  west  originally  extended  across  this  rolling  and  hilly  area 
where  it  is  cut  by  this  South  Branch  of  Bark  Biver;  but  the  erosion 
of  its  valley  has  undermined  and  removed  portions  of  adjoining  hills 
and  ridges,  so  that  its  inclosing  bluflfs  now  rise  50  to  1(K)  feet,  their  high- 
est points  being  about  1,225  feet  above  the  sea,  or  25  to  30  feet  above 
the  east  edge  of  the  Golden  Valley.  All  these  bluffs  and  two  plateaus 
left  in  the  midst  of  the  valley  are  till,  yellowish  near  the  top  and  dark 
bluish  below. 

Elevation  of  ''the  mountains"  in  tlieir  southern  and  narrower  portion, 
through  the  west  part  of  T.  155,  B.  55,  and  the  northeast  corner  of  T. 
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IWs  B.  66, 1,100  to  1^25  feet  J  through  the  east  half  of  T.  156,  E.  60, 
1,200  to  1,250  feet;  in  the  south  part  of  T.  157,  R.  56, 1,200  to  1,200  feet; 
and  throagh  the  north  half  of  this  township  and  the  south  half  of  T.  158, 
K  56, 1,200  to  1,275  feet,  being  highest  in  See.  28  of  the  township  last 
named,  near  the  northern  end  of  this  hilly  tract. 

The  east  border  of  "the  mountains"  in  Sec.  20,  T.  155,  B.  55,  falls 
somewhat  steeply  to  about  1,135  feet,  and  thcnco  a  flat  slope,  with  no 
beach  ridges,  sinks  slowly  eastward.  In  the  NW.  i  of  the  NE.  J  of  Sec. 
7  in  tiiis  township  a  well  defined  beach  ridge  10  to  15  rods  wide,  com- 
posed of  sand  and  gravel,  with  pebbles  up  to  2  or  3  inclics  in  diameter, 
extends  25  rods  south  from  an  eastern  spur  of  the  hilly  till ;  crest  of 
this  spur,  about  1,1G5  feet;  of  the  beach,  1,172  feet,  with  depression  of 
3  to  6  feet  on  the  west  Irregular  beach  accumulations,  10  to  20  feet 
lower,  continue  southward  nearly  a  half  mile.  The  Bast  half  of  Sec.  0, 
T.  155,  B.  56,  has  a  descent  of  nearly  100  feet  to  about  1,100  feet  It  is 
till,  with  no  noteworthy  beach  deposits.  No  stream  has  llowcd  through 
the  depression  in  Sec.  36,  T.  156,  B.  56,  and  no  considerable  watercourse 
crosses  the  gentle  slope  of  till,  overspread  with  much  beach  gravel  at 
1,175  to  1,155  feet,  which  lies  within  the  next  mile  east 

In  Sec.  80,  T.  156,  B.  56,  the  eastern  boitler  of  this  rolling  and  hilly 
area  falls  75  feet  or  more  within  a  third  of  a  mile,  to  about  1,100  feet. 
Its  material  is  till,  with  scanty  deposits  of  beach  gravel  and  sand,  not 
distinctly  accumulated  in  ridged  form.  About  half  way  down  this 
slope,  it  shows  in  some  places  a  more  abrupt  escarpment,  with  steep 
descent  of  15  or  20  feet  The  same  features  continue  through  Sec.  10, 
except  that  a  series  of  distinct  beach  deposits  is  observable  about  25 
rods  east  from  the  crest  of  the  slope,  at  1,170  to  1,175  feet,  probably 
formed  during  the  second  Herman  stage  of  Lake  Agassiz.  A  little 
farther  north,  the  upper  Herman  beach  is  probably  represented,  15  to 
30  rods  north-northeast  from  the  southwest  corner  of  Sec.  18,  in  a  bank 
of  coarse  gravel  at  1,182  feet,  with  a  small  coulee  on  its  west  side.  A 
descent  ot  125  feet  takes  x)lace  within  a  half  mile  on  the  east  side  of 
"the  moantains,''  near  where  it  is  cut  by  a  large  but  short  ravine^  in 
the  SE.  i  of  See.  12,  T.  156,  R.  50,  falling  from  1 , 1 80  to  1 ,050  feet,  approx. 
imately,  with  no  well  marked  shore  lines  observable.  A  grove  lies  at 
the  east  base  of  this  slope  a  third  of  a  mile  south  of  the  ravine.  In  the 
NW.  J  of  this  Sec.  12  and  the  west  edge  of  the  SW.  J  of  Sec.  1,  a  well 
developed  beach,  in  f^art  consisting  of  two  parallel  low  ridges,  has  an 
elevation  ot  1,170  to  1,177  feet;  and  in  the  cast  edge  of  Sec.  li,  continu- 
ing northward,  its  elevation  is  1,177  to  1,184  feet  Its  eastern  slope  falls 
to  1,170  feet  within  10  or  20  rods.  Through  Sec.  36,  T.  157,  B.  5(J,  it  is 
not  very  distinct;  but  10  to  25  rods  north  from  tlu»  qnartcr-sc(5tion  stake 
l>etween  Sees.  36  and  25  it  is  re[)resiinted  l)y  a  broad  bank  of  gravel  and 
sand,  with  crest  at  1,187  to  1,190  feet,  from  which  a  slight  depression 
falls  1  or  2  feet  on  the  west. 
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Saint  Paal,  Minneapolis  and  Manitoba  Eailway  track  at  Park  lUver 
depot,  008  feet;  natural  surface  at  the  southeast  corner  of  Seo.  23,  T. 
157,  R.  56,  on  the  road  from  Park  River  to  Garflcld,  1,178  feet 

Crest  of  the  upper  Herman  beach  crossed  by  this  road  10  rods  west 
from  the  point  named,  1,187  feet ;  same  20  rods  southeast  and  northwest 
from  the  rond,  1,102  feet;  depression  on  the  west  3  to  8  feet  and  descent 
on  the  east  10  to  15  feet  in  as  many  rods.  This  is  a  typical  beach  rid^o 
of  sand  and  gravel,  with  pebbles  up  to  2  or  3  inches  in  diameter,  mostly 
limestone  and  granite.  The  cretaceous  shale  before  mentioned  is  very 
rare  in  the  till  of  ^'tho  mountains"  and  in  the  beaches,  formed  along 
their  east  side,  indicating  that  the  east  limit  of  this  shale  is  the  Pem- 
bina Mountain  and  the  western  nscent  of  the  Golden  Valley,  and  that 
the  glacial  currents  by  which  the  drift  here  was  deposited  came  only 
from  the  north  and  northeast,  with  no  intermixture  of  currents  from 
west  of  north. 

Highest  beach  on  verge  of  south  bluflf  of  the  South  Branch  of  Park 
River,  in  the  SE.  J  of  Sec-  23,  T.  157,  R.  56, 1,188  to  1,192  feet,  with  a 
basin  shax>ed  hollow  on  its  west  side  20  feet  lower,  which  changes  south* 
ward  to  a  depression  of  about  5  feet.  The  livcr  bluflf  is  here  freshly 
undermined,  showing  the  depth  of  the  beach  sand  and  gravel  to  bo  6  to 
10  feet,  lying  on  till.  Lower  beach,  a  quarter  of  a  mile  farther  east,  ex- 
tending from  northwest  to  southeast,^in  the  SW.  J  of  Sec.  24, 1,167  to 
1,170  feet. 

Lower  Herman  beach,  a  massive  ridge  of  gravel  and  sand,  extending 
in  a  curved  course  convex  toward  the  east  from  the  NE.  J  of  Sec.  2,  T. 
157,  It.  50,  tlirongli  the  southeast  part  of  Sec.  35,  T.  158,  R.  50,  crest, 
1,100  to  1,105  feet;  through  the  northeast  edge  of  Sec.  30  and  the  south- 
west corner  of  Sec.  25,  10  to  50  rods  wide,  with  slightly  undulating  sur- 
face, 1,100  to  1,107  feet ;  near  the  middle  of  the  east  side  of  the  SE.  J  of 
Sec.  20,1,105  to  1,100  feet;  and  at  the  quarter-section  stake  on  the  north 
side  of  this  Sec.  20,  1,103  feet. 

Near  the  west  line  of  Sec.  23,  T.  15S,  R,  50,  two  Herman  beaches  abut 
upon  the  east  flank  of  the  north  end  of  ^Hhe  mountains,''  and  extend 
thence  north-northwesterly  2  miles  to  the  Middle  Branch  of  Park  River. 
The  eastern  one,  a  well  defined  ridge  of  sand  and  fine  gravel,  passes 
close  west  of  the  quarter-section  state  between  Sees.  15  and  10.  The 
elevation  of  its  crest  is  1,101  to  1,100  feet,  with  increase  in  height  from 
south  to  north ;  the  descent  on  the  east  is  15  or  20  feet  in  as  many  rods, 
and  the  depression  on  the  west  is  3  to  8  feet  deep  and  10  rods  wide. 
The  other  beach  ridge  is  40  or  50  rods  farther  west,  parallel  with  the 
preceding  and  similar  inform  and  material j  its  crest,  rising  slightly 
northward,  is  at  1,173  to  1,170  feet.  Another  distinct  beach  ridge,  but 
of  smaller  size,  runs  in  a  parallel  course  through  the  east  part  of  the 
SW.  ^  of  Sec.  9,  with  its  crest  at  1,185  to  1,1S7  feet.  These  appear  to 
represent  in  succession  the  fourth,  third,  and  second  Herman  beaches 
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of  the  series  observed  northwest  of  Maple  Lake  in  Minnesota  and  east 
and  west  of  Larimore. 

Upper  Herman  beach,  northward  from  the  north  end  of  'Hhe  mount- 
ains,'' forming  in  the  NW.  J  of  Sec.  21  and  the  west  part  of  Sec.  16,  T. 
158,  B.  5G,  a  massive,  broad  ridge,  composed  of  sand  and  gravel,  with 
pebbles  np  to  4  or  even  6  inches  in  diameter,  crest,  J, 197  to  1,207  feet, 
rising  highest  uorthwainl,  where  the  beach  deposit  overlies  the  eastern 
slope  of  a  wavelike  swell  of  till  that  rises  to  1,212  feet  Small  beach 
ridge,  belonging  to  this  stage,  in  the  east  edge  of  the  SE.  ^  ot  Sec.  8, 
1,202  to  1,207  feet.  Surface  at  Evan  Edwards's  house,  in  the  west  part 
of  the  SW.  J  of  Sec.  9, 1,197  feet,  consisting  of  sand  and  gravel  of  this 
beach  to  a  depth  of  10  feet,  underlaid  by  till,  yellowish  in  its  first  G  feet 
and  dark  bluish  below.  Summit  of  a  smootlily  rounded  hillock,  i)robabiy 
till,  but  having  few  or  no  bowlders,  in  the  east  edge  of  the  "NE.  J  of  Sec. 
8,  about  1,230  feet;  train  of  beach  gravel  and  saud  extending  thence  30 
rods  southward,  1,217  feet,  with  descent  of  15  or  20  feet  on  each  side. 

Continuing  beyond  the  Middle  Branch  of  Park  River,  this  highest 
beach  is  well  developetl  in  a  broad  ridge  running  due  north  through  the 
west  part  of  Sec.  4,  T.  158,  K.  50,  with  its  crest  at  1,202  to  1,208  feet.  On 
the  east  the  surface  falls  30  or  40  feet,  and  more  slowly  beyond,  while 
toward  the  west  a  descent  of  10  feet  is  succeeded  by  a  flat  surface  of 
till,  which  rises  slowly  from  the  foot  of  the  beach  ridge  to  a  swell,  1,215 
to  1 ,225  feet,  a  half  mile  away,  forming  the  east  boundary  of  the  Golden 
Valley.  This  beach  is  sand  and  gravel,  with  i)ebbles  up  to  G  inches  in 
diameter.  About  half  of  them  are  limestone ;  nearly  all  of  the  remain- 
der are  archean  granite,  gneiss,  and  schists;  scarcely  1  in  200  is  creta- 
ceous shale.  Through  the  west  edge  of  Sec.  33,  T.  159,  K.  50,  the  ele- 
vation of  this  excellent  beach  ridge  is  1,202  to  1,205  feet,  and  in  the 
southwest  edge  of  Sec.  28  and  the  middle  of  the  east  edge  of  Sec.  29, 
1,202  to  1,197  feet,  decreasing  in  height  and  size  northward.  For  a  half 
mile  through  the  8W.  i  of  Sec.  33,  a  slight  secondary  beach  ridge,  4  to  9 
feet  lower,  lies  about  30  rods  east  from  the  foregoing ;  its  crest  is  at 
1,198  to  1,105  feet,  sinking  a  few  feet  from  south  to  north ;  it  is  divided 
from  the  higher  beach  by  a  continuous  depression  about  3  feet  deep. 

Very  massive  beach  ridge,  composed  of  sand  and  gravel,  with  pebbles 
and  rock  fragments,  the  largest  only  slightly  water- worn,  up  to  G  inches 
in  diameter,  passing  a  few  degrees  west  of  north  through  the  center  of 
Sec  20,  T.  159,  R.  5G,  crest  in  the  south  half  of  the  sectioit,  1,208  to  1,215 
feet;  in  the  north  half,  1,215  to  1,223  feet.  On  the  east  is  a  descent  of  20 
to  30  feet  within  25  to  40  rods,  and  on  the  west  10  or  12  feet  from  the 
highest  part  of  the  beach  within  10  rods  to  a  nearly  level  area  of  till, 
1,211  feet,  which  sinks  40  rods  farther  west  to  a  long  slough,  about  1,205 
feet,  parallel  with  the  beach  and  one-sixth  of  a  mile  wide.  Beyond 
this  an  undulating  surface  of  till,  partly  covered  with  bushes  and  small 
trees,  rises  to  1,250  or  1,275  feet  within  2  miles,  and  then  in  smooth  mass- 
ive swells  to  1,450  or  1,500  feet  within  the  next  2  to  4  miles.    These  ace 
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part  of  a  plateau,  thence  rising  more  slowly  westward,  whose  boundary 
for  the  next  50  miles  or  more  to  the  north  and  northwest  is  the  consiiic- 
nous  escarpment  called  Pembina  Mountain. 

The  north  end  of  this  massive  beach  bears  on  its  crest  an  artificial 
embankment  100  feet  long  from  east  to  west  and  20  feet  wide,  raised  1! 
feet  above  the  natural  surface,  its  top  being  1,225  feet  above  the  sea. 
This  is  10  rods  south  from  where  the  beach  is  cut  to  1,210  feet  by  a  wide 
gap,  as  of  some  ancient  watercourse.  In  the  south  edge  of  the  SW.  ^ 
of  Sec.  17,  T.  159,  R.  6G,  on  the  south  bank  of  the  North  Branch  of  Park 
River,  about  10  rods  east  from  the  ford  of  the  "Half  breed  road,'^  this 
beach  has  an  elevation  of  1,220  feet. 

North  Branch  of  Park  River  at  this  ford,  10  to  15  feet  wide  and  a 
few  inches  deep,  1,203  feet.  Surface  at  Garder,  a  mile  east,  1,175  to  1,170 
feet.  Lower  Herman  beach,  passing  from  south  to  north  along  the 
east  side  of  Sees.  20  and  17,  T.  159,  R.  56,  a  third  of  a  mile  west  of 
Garder,  about  1,185  feet. 

FROM  aABDEB  NOETH  TO  THE  TONGUE  RIVER. 

• 

Sees.  17, 8,  and  5,  T.  159,  K.  56,  rise  from  1,190  and  1,200  feet  on  their 
east  side  to  1,220  and  1^25  feet  on  tbe  west,  including,  therefore,  the 
uppeyr  Herman  shore  of  Lake  Agassiz ;  but  they  present  no  considerable 
deposits  of  beach  gravel  and  sand.  A  swell  of  till,  sprinkled  with  very 
abundant  bowlders,  nearly  all  archean  granite  and  gneiss,  up  to  5 
feet  in  diameter,  extends  from  south  to  north  across  the  lino  between 
Secs.8  and  5,  having  its  crest  at  1,215  feet,  from  which  there  is  a  steep 
descent  of  10  or  12  feet  to  the  west.  Sloughs  and  pools  of  water,  per- 
manent through  tbe  year,  lie  in  tbe  west  part  of  Sec.  o,  about  1,190  feet 
above  the  sea. 

The  South  Branch  of  Cart  Creek  in  Sees.  31  and  32,  T.  IGO,  R.  56,  is 
bordered  by  a  belt  of  timber  a  half  mile  wide;  but  it  has  only  a  small 
channel  a  few  feet  below  tbe  geueral  surface  and  is  dry  through  the 
greater  part  of  the  year.  Its  alluvial  gravel,  like  that  of  tbe  Middle 
and  North  Branches  of  Park  River,  is  mostly  cretaceous  shale,  derived 
from  tbe  gorges  eroded  in  tbis  rock  at  tbe  sources  of  tliese  streams  in 
the  Pembina  Mountain. 

Along  tbe  western  border  of  Lake  Agassiz  here  and  northward  into 
Manitoba  extends  a  prominent  wooded  bluff,  tbe  escarpment  of  a  tree- 
less plateau  which  from  its  crest  stretches  with  slow  ascent  westward. 
Tbis  escarpment,  commonly  called  tbe  second  Pembina  mountain,  is 
a  very  marked  feature  in  the  topography  for  at  least  50  miles.  It  is 
caused  by  the  outcrop,  mostly  overspread  by  glacial  drift,  of  a  continu- 
ous belt  of  nearly  horizontal  cretaceous  sbale,  several  hundred  feet 
thick,  usually  so  hard  and  enduring  that  it  is  popularly  termed  "slate." 
Its  course  coincides  nearly  with  tbe  west  lino  of  Ts.  159  and  ICO,  R.  56. 
Thence  it  continues  in  an  almost  straight  course,  a  few  degrees  west  of 
/jortb,  through  Sees.  31  and  30,  T.  161,  R.  56;  Sees.  24,  13, 12,  and  2,  T. 
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161,  B.  57 ;  Sees.  35,  26,  22, 15, 10,  9,  and  4,  T.  162,  E.  67 ;  Sees.  33,  28, 
21, 16,  9,  and  4,  T.  163,  E.  57 ;  and  Sees.  33,  32,  and  29,  T.  164,  E.  57, 
to  tho  international  boundary,  beyond  which  it  soon  tarns  more  to  the 
northwest.  The  base  of  the  ascent  is  about  1,225  feet  above  the  sea 
and  its  crest  approximately  1,500  feet,  northward  to  the  Pembina  Biver, 
beyond  which  the  base  sinks  to  1,150  and  1,100  feet  and  the  crest  to 
1,400  and  1,300  feet  The  width  occupied  by  the  slope  varies  from  a 
quarter  to  a  half  of  a  mile. 

]N'atural  surface  at  the  quarter-section  stake  on  the  north  side  of  Sec. 
32,  T.  160,  E.  50, 1,178  feet  above  the  sea.  Sees.  32,  29,  and  20  of  this 
township  are  mostly  till,  smoothed  by  this  glacial  lake,  the  depressions 
having  been  filled  by  leveling  down  the  higher  portions,  where  many 
bowlders  partially  embedded  testify  to  considerable  erosion.  A  broad 
ridge  of  beach  sand  and  fine  gravel,  3  to  5  feet  high,  extends  from  south 
to  north  through  the  center  of  Sec.  29,  its  crest  being  at  1,180  to  1,182 
feet.  This  is  the  third  in  the  series  of  four  Herman  beaches  observed 
near  Maple  Lake,  near  Latimore,  and  in  T.  158,  E.  56.  The  higher 
beaches  are  probably  also  recognizable  1  to  1}  miles  farther  west, 
near  the  base  of  the  "  second  mountain,'^  which  is  1,220  to  1,230  feet 
above  the  sea ;  but  it  is  impracticable  to  trace  their  course  and  deter- 
mine their  exact  elevation,  because  woods  reach  from  the  base  of  this 
escarpment  a  half  mile  east,  where  th^se  beaches  belong. 

Fourth  Herman  beach,  a  broad  low  swell  of  sand  and  gravel,  extend- 
ing north-northwesterly  through  the  east  half  of  Sec.  20,  T.  160,  E.  66, 
1,100  to  1,172  feet ;  through  Sees.  17  and  8,  an  eighth  to  a  quarter  of  a 
mile  wide,  1,161  to  1,173  feet,  having  in  some  places  a  depth  of  at  least 
10  feet,  as  shown  by  wells.  On  the  north  line  of  Sec.  20  and  again  in 
the  north  part  of  Sec.  17,  it  is  intersected  by  branches  of  Cart  Creek, 
which  occupy  valleys  about  40  feet  deep  and  an  eighth  to  a  quarter  of 
a  mile  wide.  Brush  and  scattered  trees  grow  iu  these  valleys  and  on 
the  area  between  them.  Toward  the  east  a  descent  of  30  or  40  feet  is 
made  within  the  first  half  mile ;  westward  there  is  only  a  slight  ascent, 
to  about  1,200  feet,  in  1  mile;  then  a  more  considerable  slope,  covered 
with  woods,  rises  20  to  40  feet  to  the  base  of  the  **  second  mountain,"  on 
or  near  the  township  line. 

In  the  west  part  of  Sec.  8  and  again  near  the  northeast  corner  of 
Sec.  6,  T.  160,  E.  56,  this  beach  is  intersected  by  the  headstreams  of 
Willow  Creek,  in  valleys  about  35  feet  deep.  On  the  north  line  of  Sees. 
5  and  6  of  this  township,  the  fourth  and  third  Herman  beaches  are 
merged  in  an  undulating  tract  of  gravel  and  sand  a  half  mile  wide, 
which  rises  from  1,160  feet  on  the  east  to  1,184  feet  on  the  west.  A  well 
on  the  west  part  of  this  belt  found  the  beach  deposit  6  feet  thick,  un- 
derlaid by  till,  which  forms  the  slightly  ascending  surface  next  west. 

Base  of  second  Pembina  Mountain  in  the  east  half  of  Sec.  31,  T.  161, 
B.  56, 1,235  at  the  south  to  1,220  feet  northward,  coinciding  nearly  with 
the  upper  Herman  shore  of  Lake  Agassiz.    William  Crombie'a  well^2i4 
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feet  deep,  near  the  center  of  Sec.  30,  sitaated  aboat  50  feet  above  the 
Tongue  Biver,  a  few  rods  back  from  the  verge  of  its  north  bluff,  was 
soil,  2  feet;  gravel,  nearly  all  cretaceous  shale,  8  feet;  underlaid  by 
gravel,  nearly  all  granite  aiid  gneiss,  with  sc<ircely  any  intermixture  of 
shale,  containing  pebbles  and  cobbles  up  to  4  inches  in  diameter,  14  feet, 
yielding  a  permanent  sujiply  of  water.  This  well  is  close  to  the  base  of 
the  ^'  mountain,"  at  an  elevation  of  about  1,230  feet.  Its  bed  of  granite 
gravel  appears  to  bo  the  upper  boiich,  the  overlying  shale  gravel  being 
a  delta  deposit  brought  by  Tongue  River. 

Surface  at  Young  post  office,  in  the  northeast  corner  of  the  SW.  ^  of 
Sec.  32,  T.  ICI,  R.  50,  1,192  foet.  The  wl41  hero,  14  feet  deep,  is  wholly 
stratified  gravel  aud  sanil,  being  a  beach  deposit  of  the  second  and 
third  stages  in  the  Uennan  series.  Third  be:ich,  about  an  eighth  of  a 
mile  east  of  Young  post  office,  a  broad  ridge  of  sand  and  fine  gravel, 
a  few  feet  above  the  land  on  its  west  side,  crest,  1,187  feet.  Fourth  aud 
lowest  Herman  beach,  of  similar  form  with  the  last,  but  larger,  running 
a  few  degrees  west  of  north  through  the  west  edge  of  Sec.  33, 1,173  to 
1,175  feet,  with  depression  of  1  to  5  feet  on  its  west  side  and  descent 
of  25  feet  within  30  or  40  rods  east.  About  a  third  of  a  mile  east 
from  the  crest  of  the  last  is  another  parallel  beach  ridge,  belonging  to 
the  Norcross  stage  of  this  glacial  lake. 

Tongue  River  at  bridge  near  the  center  of  the  south  half  of  Sec.  28, 
T.  161,  R.  56,  about  1,110  feet;  bottomland,  10  feet  higher;  top  of  bluffs, 
about  1,150  feet.    Gat^in's  Creek  in  the  south  half  of  Sec.  20,  about  1,140  ' 
feet ;  valley  40  feet  deep,  a  sixth  of  a  mile  wide. 

Lowest  Herman  beacli,  a  massive  ridge  of  sand  and  fine  gravel,  in  the 
NE.  i  of  Sec.  29  aud  the  east  part  of  Sees.  20  and  17,  T.  161,  R.  56, 
1,175  to  1,180  feet. 

DELTA  OF  THE  PEMBINA  RIVEE. 

The  largest  tributary  to  the  Red  River  in  Dakota  is  the  Pembina 
River,  which  has  cut  a  valley  about  400  feet  deep  and  a  mile  wide  in 
the  plateau  of  the  second  Pembina  Mountain.  During  the  recession 
of  the  ice  sheet  this  stream  appears  to  have  been  much  larger  than 
now,  being  the  outlet  of  glacial  lakes  in  the  basins  of  the  Souris 
and  Assiniboine  Rivers.'  From  the  bend  of  the  Souris,  or  Mouse  River, 
eighte^en  miles  southwest  of  its  mouth,  the  river  discharging  the  waters 
of  these  lakes  ran  southeasterly  to  the  Pembina  River.  Pelican  Lake, 
eleven  miles  long  from  northwest  to  southeast  and  about  a  mile  wide, 
occnpies  a  part  of  the  channel  of  this  stream;  and  a  distinct  water- 
course of  similar  width,  called  Lang's  Valley,  erode<l  150  to  200  feet 
below  the  general  level,  extends  eleven  miles  between  this  lake  and  the 
Souris  River.    The  highest  portion  of  Lang's  Valley  is  1,364  feet  above 


^ 


'Ninth  Annual  Report  of  the  Geological  and  Natural  History  Survey  of  Minnesota, 
;  and  Hind's  Report  of  the  Assiniboine  and  Saskatchewan  Exploring  Expedition, 
PP>  118  and  168. 
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the  sea,  and  is  bordered  by  binffs  that  rise  160  feet.  It  is  a  channel 
similar  to  that  of  Lakes  Traverse  and  Big  Stone  and  Brown's  Valley, 
eroded  by  the  River  Warren.  The  delta  deposited  in  the  margin  of  the 
glacial  Lake  Agassiz  by  the  Pembina  Eiver,  thus  swollen  by  a  great 
affluent  from  the  melting  ice  fields  beyond  the  present  limits  of  its  basin, 
extends  twelve  miles  from  south  to  north  and  has  a  maximum  width' of 
seven  miles,  with  a  maximum  thickness  exceeding  two  hundred  feet. 
About  five-sixths  of  this  delta  of  fifty  square  miles  or  more  lie  south  of 
the  Pembina  River,  reaching  nearly  to  the  Tongue  River. 

Its  elevation  in  the  northwest  part  of  Sec.  17,  T.  161,  R.  56,  is  1,200 
feet ;  thence  northward  it  rises  slowly  in  two  miles  to  1,225  feet  in  the 
east  part  of  Sec.  6 ;  and  in  Sees.  31  and  30,  T.  162,  R.  56,  it  varies  from 
1,220  to  1,227  feet.  From  this  crest  of  the  southern  part  of  the  delta  it 
slopes  slowly  east  and  northeast  to  1,080  and  1,090  feet  at  its  eastern 
border,  in  Sees.  25, 24,  and  13,  which  coincides  nearly  with  the  east  line 
of  this  T.  162,  R.  56.  Deep  valleys,  with  frequent  tributary  ravines, 
have  been  eroded  in  it  by  several  small  streams.  Westward  the  delta 
reaches  to  the  base  of  the  "  second  mountain,'^  the  belt  a  half  mile  to 
one  mile  wide  next  beyond  the  crest,  only  about  5  feet  lower,  being 
a  very  flat,  beautiful  prairie,  which  rises  slowly,  like  the  crest,  from 
south  to  north.  The  elevation  of  this  belt  in  Sec.  18,  T.  161,  R.  50,  is 
1,190  to  1,105  feet,  and  at  Mr.  Henry  GoflPs  house,  in  the  middle  of  the 
east  edge  of  Sec.  36,  T.  162,  R.  57, 1,221  feet.  Farther  west  there  is  an 
ascent  to  about  1,240  feet  at  the  base  of  the  '^  second  mountain."  Wells 
on  this  area  penetrate  only  beds  of  sand  and  gravel,  easy  to  dig  and 
needing  to  be  curbed  to  prevent  caving.  A  large  proportion,  probably 
half,  of  the  gravel  is  cretaceous  shale.  Water  is  obtained  at  depths 
varying  from  twenty-five  to  sixty  feet. 

Natural  surface  at  the  northwest  corner  of  Sec.  30,  T.  162,  R.  56, 1,227 
feet. 

The  part  of  the  Pembina  delta  thus  far  described  is  divided  from  its 
central  and  higher  part  by  a  depression  about  a  mile  wide,  through 
which  a  portion  or  the  whole  of  the  river  flowed  during  much  of  the  tim  e 
in  which  this  delta  was  formed.  In  the  southwest  corner  of  Sec.  18,  T. 
162,  R.  56,  this  depression  is  1,205  feet  above  the  sea,  being  20  feet  lower 
than  the  area  on  the  south.  It  extends  eastward  with  a  slow  descent 
and  rises  westward  to  1,215  feet  close  east  of  the  Little  Pembina  River 
in  Sec.  15,  T.  162,  R.  57.  This  stream  flows  through  the  escarpment  of 
the  "  second  mountain"  in  the  SE.  ^  of  Sec.  22,  about  a  mile  south  from 
this  lowest  part  of  the  divide  on  its  east  side.  It  there  turns  abruptly 
from  its  eastern  course  and  thence  flows  north-northwest  along  the  base 
of  the  " second  mountain  "  to  its  junction  with  the  Pembina  River ;  thus 
leaving  the  depression  just  described,  which  would  seem  to  be  its  more 
natural  course,  and  taking  in  its  stead  a  channel  that  is  eroded  through 
a  portion  of  the  delta  50  feet  higher. 

(461) 


7G  UPPER    BEACHES   OF  LAKE  AGASSIZ.  [bull.  90. 

The  most  elevated  point  of  this  delta,  as  it  now  remains,  is  aboat  1,270 
feet  above  the  sea,  near  the  northwest  corner  of  Sec.  11,  T.  162,  B.  57, 
east  of  the  Little  Pembina  and  soath  of  the  Pembina  Uiver,  nearly  SOO 
feet  above  the  janction  of  these  streams,  1^  miles  distant  toward  the 
northwest  Sec.  12  of  this  township  and  the  west  part  of  Sec.  7,  T.  102,  R. 
50,  slope  from  1,225  on  the  sonth  to  1,215  feet  on  the  north ;  their  soath- 
em  part  is  the  highest  land  crossed  between  the  depression  before  men- 
tioned and  the  Pembina  Eiver  by  the  line  dividing  these  townships. 
The  level  of  Lake  Agassiz  in  its  highest  stage  here  was  1,220  or  1,225 
feet  above  the  sea,  being  50  feet  below  the  top  of  the  Pembina  delta,  as  is 
shown  by  the  beach  line  of  this  level,  1,220  feet,  in  the  central  part  of 
this  Sec.  7,  where  an  eastward  descent  begins.  This  is  the  east  verge  of 
the  nearly  flat  area  of  the  delta  in  Sees.  12  and  7.  Like  all  of  this  vast 
delta  deposit,  the  material  hero  is  sand  and  gravel,  covered  by  a  fertile 
soil.  A  small  proportion  of  the  pebbles  of  tliis  gravel  is  limestone ;  a 
large  part  is  cretaoeous  shale;  bat  more  was  derived  from  archeau 
formations  of  granite  and  gneiss. 

Second  Herman  beach,  a  ridge  of  the  nanal  form,  crossed  by  the  road 
near  the  east  side  of  the  NE.  i  of  Sec.  7,  T.  102,  R.  50,  descending  from 
1,212  feet  to  about  1,200  feet  in  a  distance  of  a  third  or  half  of  a  mile 
from  sonth  to  north. 

William  Boadhouse's  well,  110  feet  deep,  in  the  NW.  J  of  Sec.  9,  T. 
102,  B.  56,  at  elevation  of  1,184  feet,  is  all  stratified  sand  and  gravel, 
with  pebbles  up  to  0  inches  in  diameter,  fully  half  cretaceous  shale. 
Water  comes  in  coarse  sand  at  tbo  bottom,  filling  the  lowest  2  feet. 
Another  well  of  the  same  description,  but  137  foet  deep,  is  a  mile  far. 
ther  east,  at  Wellington  Stewart's  house,  in  the  SW.  ^  of  Sec.  4,  1,192 
feet  above  the  sea. 

Crest  of  the  first  Pembina  |nountaiu  in  the  north  part  of  Sec.  33,  T. 
1G3,  R.  50,  nearly  two  miles  southeast  from  Walhalla,  a  few  rods  west 
from  the  summit  on  the  Olga  road  and  5  feet  higher,  1,190  feet. 
This  is  a  beach  accumulation,  belonging  to  the  third  Herman  stage.  On 
the  west  and  southwest  the  undulating  delta  plateau,  mostly  covered 
with  bushes  and  occasional  trees,  is  10  to  30  feet  lower  for  a  width  of 
1  to  IJ  miles,  averaging  about  1,175  feet. 

Northeast  from  the  crest  of  the  Olga  road  a  short  descent  is  made  to 
a  prairie  terrace  30  to  GO  rods  wide,  varying  in  elevation  from  1,182 
to  1,109  feet,  but  mainly  within  2  feet  above  or  below  1,175.  In  gen- 
eral the  verge  of  this  terrace  is  its  lowest  portion.  Thence  a  very  steep 
descent  of  109  feet  is  made  on  the  road  from  1,173  to  1,004  feet,  this 
l)eing  the  very  conspicuous  wooded  escarpment  called  the  *^  first  mount- 
ain." It  is  the  eroded  front  of  the  great  Pembina  delta,  the  eastern 
part  of  which,  originally  descending  more  moderately,  has  been  swept 
away  by  the  waves  and  shore  currents  of  the  ancient  lake  during  its 
Norcross,  Campbell,  and  McCanleyville  stages.     From  the  north  part  of 
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this  Sec  33  the  <<  first  mountain "  extends  southeast  to  Sees.  13  and  24,  T. 
162,  B.  56,  before  liientioned,  and  northwest  across  the  Pembina  Biver, 
passing  close  southwest  of  Walhalla  and  ou  ward  to  Sees.  10  and  3,  T.  163, 
B.  57.  Its  highest  part  is  intersected  by  the  Pembina  Biver,  above 
which  it  rises  on  each  side  in  bluffs  of  gravel  and  sand  200  to  250  feet 
high,  with  their  crests  a  half  mile  to  1  mile  apart.^ 

Surface  at  Bellevue  Hotel,  Walhalla,  994  feet  above  the  sea^  at  the 
post  ofiKce,  Mr.  G.  D.  Loring's  store,  963  feet ;  Pembioa  Biver,  at  the 
bridge,  a  third  of  a  mile  east  of  Walhalla,  934  feet. 
•  Highest  part  of  the  Pembina  delta  north  of  Pembina  Biver,  in  Sees. 
25  and  26,  T.  163,  B.  57, 1,210  to  1,230  feet,  rising  slowly  from  east  to 
west;  in  the  west  half  of  Sec.  26  and  the  east  edge  of  Sec.  27,  it  is  de- 
pressed to  1,225  and  1,220  feet;  but  beyond  this  it  rises  to  1,235  and 
1,240  feet,  next  to  llie  foot  of  the  "second  mountain."  From  this  upper 
portion  the  delta  slopes  down  gradually  toward  the  northeast  and 
north,  extending  only  2  t^  4  miles  beyond  the  Pembina  Biver. 

Natural -surface  at  the  quarter-section  stake  on  the  north  side  of  Sec. 
26,  T.  163,  B.  57^  1,191  feet. 

Third  Herman  beach,  crest  5  rods  south  of  this  stake,  1,197  feet,  from 
which  there  is  a  descent  in  5  rods  south  to  1,192  feet  and  in  15  rods  north 
to  1,180  feet.  This  beach  carves  thence  to  the  northwest  and  north,  and 
in  the  opposite  direction  runs  east-southeast  2  miles  to  near  the  center 
of  Sec.  30,  T.  163,  B.  56,  where  its  elevation  is  approximately  1,192  feet. 
Other  shore  lines  of  the  Herman  group  were  not  noticed  north  of  the 
Pembina  Biver. 

In  the  gravel  of  this  delta,  as  seen  in  the  blufifs  of  Pembina  Biver 
near  Walhalla  and  at  noteworthy  spriugs  2  miles  to  the  south,  on 
the  south  side  of  the  river  in  the  southwest  coruer  of  Sec.  32,  the  peb- 
bles of  some  beds  are  mainly  cretaceous  shale,  of  others  mostly  lime- 
stone, and  of  others  granite,  gneiss,  and  dark  trappean  rocks.  In  the 
aggregate,  these  three  classes  have  a  nearly  equal  representation. 
White  quartz  and  moss  agate  are  frequent  and  bits  of  silicified  wood 
occur  rarely ;  but  no  banded  agates  were  found.    Numerous  pieces  of 

'  The  first  Pembina  moantaioi  was  visited  by  D.  D.  Owen  in  1848.  He  describes  it 
as  follows :  **  Pembina  Mountain  is,  in  fact,  no  mountain  at  all,  nor  yet  a  bill.  It  is 
a  terrace  of  table  land,  the  ancient  sboro  of  a  great  body  of  water  that  once  filled 
the  whole  of  the  Red  Biver  Valley.  Ou  its  Bumuiit  it  is*  quite  level  and  extends  so 
for  about  ^vo  miles  westward  to  another  terrace,  the  summit  of  which  I  was  told  is 
level  with  the  great  buffalo  plains  that  stretch  away  towards  the  Missouri,  the  hunt- 
ing grounds  of  the  Sioux  and  the  half-breed  population  of  Red  River."— Report  of  a 
Geological  Survey  of  Wisconsin,  Iowa,  and  Miuuesota,  1852,  p.  178. 

Both  the  first  and  second  Pembina  mountains  were  examined  in  1857  by  Palliser, 
who  says  of  the  flat  Red  River  Valley  and  the  Pembina  delta :  **  This  plain,  no  doubt, 
had  formed  at  one  time  the  bed  of  a  sheet  of  water,  and  the  Pembina  Hill,  consisting 
of  previously  deposited  materials,  was  its  western  shore. '^ — Journals,  detailed  reports, 
&o,,  presented  to  Parliament,  19th  May,  1863,  p.  41. 
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CHANGES  IN  MVER  COTJBSES  IN  WASHINGTON  TERRITORY  DUE  TO 

GLACIATION. 


By  Bailet  Willis. 


Drainage  lines  in  Eastern  Washington  Territory  are  broadly  charac- 
terized by  an  aspect  of  youth,  but  they  are  divisible,  according  to  age, 
into  preglacial  and  postglacial  channels.  The  general  slope  of  the 
region  presented  in  Plate  I  is  southward ;  such  streams  as  the  We- 
natchie,  Methow,  Okinakane,  and  San  Fuel  strike  the  eye  as  members  of 
a  possibly  consequent  and  unmodified  system,  determined  by  processes 
of  subagrial  erosion  only.  Of  these,  the  last  named  alone  enters  the 
area  of  the  yolcanio  flow  of  the  Ck)lumbia  Biver  plain ;  the  other  valleys 
are  carved  ui)on  the  older  surface  of  granite  and  crystolline  sedimentary 
rocks.  These  valleys  are  also  broader  and  more  advanced  in  their  de- 
velopment than  the  cafion  of  the  Oolumbia,  which  crosses  their  direc- 
tion nearly  at  right  angles,  and,  cutting  through  the  northern  comer  of 
the  great  flow  from  the  Spokane  Biver  to  the  Okinakane,  meanders 
along  the  contact  of  the  basalt  with  the  granite  thence  to  the  Wenatchie. 
The  sudden  northwestward  turn  of  the  river  at  the  Spokane  and  its 
relation  to  the  western  limits  of  the  eruptive  rocks  suggest  that  its 
course  was  determined  by  southward  and  by  northward  and  westward 
volcanic  flows,  as  indicated  by  arrows  on  Plate  I,  the  line  of  least  ele- 
vation of  the  cooled  surface  having  lain  near  the  edge,  i.  e.,  at  the 
contacts  of  different  coul6es  and  of  the  earlier  rocks  with  them. 

If  this  be  true,  an  older  Columbia  Valley  lies  beneath  the  great  plain, 
and  the  converging  lines  of  its  watershed  should  be  elsewhere  apparent 
outside  the  area  of  the  flow.  Such  channels  are  found  traversing  the 
Cabinet  Mountains,  but  they  are  no  longer  occupied  by  the  greater 
rivers.  The  Olark's  Fork,  below  Lake  Pend  d'Oreille,  the  Columbia, 
from  Kettle  Falls  to  the  Spokane,  flow  through  clean  cut,  rock  bottomed 
cafions,  parallel  with  valleys  of  equal  depth,  gentler  declivity,  and  wider 
expansion,  such  as  those  of  Colville,  Yermilion,  and  Pack  Bivers.  The 
suggestion  lies  close  at  hand  that  the  latter  belonged  to  the  older  sys- 
tem and  are  sections  of  valleys  now  overflowidd  by  basalt  in  their  lower 
courses.  Their  abandonment  by  the  great  rivers  is  the  result  of  the 
much  later  causes  of  the  glacial  period,  when  valleys  were  Ailed  with 
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drift  and  rivers  weie  driven  to  seek  new  clianneUi  aoross  the  lowest 
gap  in  their  watersheds. 

Through  the  kindness  of  Profl  T.  O.  Ohamberlin  I  am  able  to  give 
here  the  nnpablished  resnlts  of  his  observations  of  the  gladation  of  the 
region  about  Lake  Pend  d'Oreille. 

The  rugged  otest  of  the  Cabinet  Mountains  northeast  and  northwest 
of  the  lake  is  traversed'  by  a  depression  a  mile  wide,  known  as  the  Pack 
Kiver  or  Kootenay  Pass.  Gentle  slopes  descend  northward  to  Bon- 
ney's  Ferry  and  southward  to  tiie  lake;  the  broad  valley  of  the  Koo- 
tenay extends  &r  into  British  Oolumbia  on  the  one  hand  and  the  level 
gravel  plains  of  the  Spokane  spread  in  the  opposite  direction. 

The  Kootenay  enters  upon  its  placid  northward  flow  ttom  a  cafion  60 
miles  long,  one  of  the  deepest  and  most  abruptly  walled  of  the  North- 
west; the  Clark's  Fork  also  descends  to  L^e  Pend  d'OieiUe  by  a 
cafion  and  leaves  it  to  traverse  another,  so  wild  that  no  one  has  passed 
through  it.  Of  these  channels,  thM  of  the  andent  river,  which  flowed 
northward  or  southward  through  Pack  Biver  Pass,  is  certainly  very 
much  the  oldest.  During  the  ice  age  it  was  oocupied  by  a  glacier, 
which,  descending  team  the  uotUi,  filled  the  basin  of  Lake  Pend 
d'Qreille  and  spread  its  moraine  before  the  valleys  on  either  hand« 
The  lakelets  that  lie  along  the  base  of  the  Bocky  Mountains  are  the 
products  of  its  morainal  dams,  and  from  it  sprang  the  great  gravel 
stream  of  the  Spokane  and  the  CcMir  d'Alene  plains.  Boches  mou- 
tonnfes  and  glacial  strisB  are  abundant  in  Pack  Biver  Pass  and  about 
Lake  Pend  d'Oreille,  but  they  are  wanting  on  the  surflEu^es  of  volcanic 
rocks  about  Spokane  Falls,  and  there  is  no  evidence  that  the  ice  reached 
so  far. 

Professor  Ohamberlin  was  not  equipped  for  trips  into  less  accessible 
districts;  the  western  limits  of  this  glacier  are  therefore  undetermined, 
but  the  facts  observed  by  him  in  the  vicinity  of  Lake  Pend  d'Oreille 
are  paralleled  elsewhere  in  Northern  Washington  Territory,  and  similar 
topographic  conditions  suggest  analogous  causes. 

The  first  instance  of  this  kind  is  found  in  the  open  valley  of  the  Co- 
lumbia, above  Kettle  Falls,  and  its  southward  continuation  in  the  valley 
of  Colville  Biver  and  Ohamokane  Creek,  which  contrasts  with  the  canon 
now  followed  by  the  Columbia  below  Kettle  Falls.  This  wider  valley 
is  now  occupied  by  these  two  small  streams,  of  insufficient  volume  or 
fall  to  remove  the  gravel  over  which  they  flow,  and  much  less  able  to 
cut  the  channel  which  should  carry  a  great  river.  They  are  separated 
only  by  a  divide  of  gravel,  terraced  by  erosion,  and  do  not  touch  bedrock 
throughout  their  courses.  The  Colville  Biver  flows  through  marshes ; 
Chamokane  Creek  has  a  swifter  current,  but  is  much  smaller.  It  is 
apparent  that  a  large  river  once  flowed  'south  or  north  through  this 
channel  and  that  of  the  Columbia  above  Kettle  Falls,  and  it  may  be 
inferred  that  the  valley  was  occupied  by  a  glacier,  as  was  that  of  the 
Kootenay,  and  that  with  the  retreat  of  the  ice  the  postglacial  Columbia 
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Biver  was  forced  by  a  drift  dam  across  a  low  divide  into  its  present 
coarse.  On  Plate  I  are  given  the  elevations  bearing  on  this  problem, 
as  determined  barometrically  by  Mr.  Lonis  Nell,  then  of  the  Northern 
Transcontinental  Snrvey,  in  mapping  the  area  east  of  the  Columbia  and 
north  of  the  Spokane  Biver. 

Another  north  and  soath  depression  of  preglacial  age  is  now  occu- 
pied by  Onrlew  Ureek,  which  is  said  to  rise  in  a  rolling  gravel  plain, 
and  which  flows  northward  to  Kettle  Biver.  The  elevation  of  the 
divide  at  its  head  was  found  by  United  States  engineer  officers  of  the 
Department  of  the  Oolumbia  to  be  about  2,500  feet ;  that  of  its  mouth 
is  about  1,700  feet,  as  determined  by  aneroid,  compared  with  Spokane 
Falls.  This  broad,  gently  sloping  valley  is  gravel  floored,  and  the  older 
stream  had  cut  a  deeper  channel  than  the  present  one.  Curlew  Creek 
flows  over  but  a  short  section  of  the  older  valley,  but  there  is  little 
known  evidence  to  trace  the  latter  in  either  direction.  The  course  of 
Kettle  Biver  toward  it  is  down  a  precipitous  canon,  ^hich  is  more  open 
below  its  northeastward  turn.  Analogy  with  other  great  valleys  of  the 
region  would  suggest  that  the  Upper  Kettle  Biver  was  but  a  tributary 
of  the  former  stream,  which  flowed  southward  to  and  under  the  locus  of 
Curlew  Creek. 

Still  another  deep  channel,  now  drift  filled  and  abandoned  to  small 
sluggish  streams,  extends  from  Miner's  Bend,  on  the  Similkameen 
Biver,  southward  (Plates  II  and  III).  It  presents  three  sections,  two 
of  which  terminate  with  open  passes,  leading  eastward  to  the  Okina- 
kane.  The  northern  division,  from  Miner's  Bend  to  Wagon  Boad 
IMiss,  is  a  comparatively  broad  valley,  a  strip  of  marsh  and  lake  be- 
tween steep  mountain  slopes.  The  terraces  on  its  sides  are  continuous 
with  others,  which  ding  to  the  walls  of  the  Similkameen  Cafion  below 
Miner's  Bend,  and  they  extend  southward  to  the  Three  Pools,  where 
they  merge  into  the  highest  portion  of  the  drift  filling. 

The  second  section,  that  between  Wagon  Boad  pass  and  Fish  Lake, 
is  a  drift  clogged  cafion,  with  abrupt  granite  walls  of  considerable  height ; 
its  northern  half  presents  a  very  gentle  northward  slope.  From  the 
Three  Pools  southward  the  drift  surface  is  dotted  with  kettle-holes.  Ter- 
races again  appear  on  the  slope  of  the  mountain  northeast  of  Fish  Lake 
and  close  the  entrance  of  the  pass,  which  trends  eastward.  Tbe  waters 
of  Fish  Lake  are  held  by  a  gravel  dam,  from  beneath  which  a  small 
stream  escajies  into  the  very  narrow  and  crooked  upper  channel  of  the 
southern  portion.  The  descent  from  Fish  Lake  is  very  rapid  and  is 
strewn  with  bowlders  of  large  size.  After  passing  a  very  deep  and 
narrow  i>ool  three-fourths  of  a  mile  long,  into  which  the  brook  sinks, 
the  vaUey  opens  out  between  limestone  bluffs  and  drift  terraces,  and 
ends  abruptly  in  a  cul  de  sac  at  the  head  of  Johnson  Creek  (Plate  III), 
the  further  continuation,  whether  south  westward  or  southeastward,  be- 
ing now  completely  filled. 
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ni^r6  ofta  be  BO  qoestion  that  the  calEon  described  Is  aa  did  8^ 
diaanel,  vety  probably  toaveraed  by  the  Sinrilkaiiieen.  One  possible 
interpretation  of  the  factB  is  that  a  glacier  descended  the  valley  and 
discharged  through  the  several  low  penes  eastward.  In  the  several 
stages  of  its  existence  and  retreat  it  spread  the  drift  which  now  ter- 
races the  cal  de  sac,  deposited  the  coarse  material  of  a  temporary  ter- 
mfttal  moraine  below  Fish  Lake,  produced  the  broad  gaps  in  the  hills  on 
the  east  by  glacial  and  snbaSrial  erosion,  and  in  its  later  stages  left  the 
gorge  so  dammed  that  the  Similkameen  fbnnd  its  present  direct  and 
rapid  descent  to  the  Okinakane  Biver. 

The  valley  of  thelatter  belonged  no  doubt  to  the  great  System  of  which 
afi  these  now  abandoned  channels  were  part  Like  them,  it  was  drift 
buried,  but,  unlike  them,  not  dammed,  because  of  its  great  width.  The 
present  river  is  a  quiet  stream,  having  a  taHl  of  about  3  ftet  per  mile 
ftom  LakeOsoyooB  to  the  Columbia  Biver,  and  usually  flowing  between 
terraces  400  feet  high.  The  lake  is  but  a  shallow  expansion  of  the  river, 
retained  by  a  drift  deposit. 

Other  evidences  of  gladation  are  found  on  that  part  of  the  Columbia 
sketched  on  Plate  IT.  A  broad  gravel  plateau,  the  analogue  of  the 
terraces  along  the  Okinakane,  lies  between  the  right  banks  of  t-he  Co- 
lumbia and  the  STethow  Biver,  and  is  Continued  down  the  fbrmer  wher- 
ever the  calion  walls  are  not  too  abrupt 

An  dder  channel  of  the  Columbia  is  traversed  by  the  trail  just  above 
Lake  Ohdan,  and  the  bed  of  the  latter  was  probably  deepened  by  the 
glacier,  which  roanded  the  outcrops  about  its  shores  and  left  the  coarse 
moralnal  material  of  a  small  lateral  discharge  in  the  cafion  by  which 
the  trail  leaves  the  lake  basin  on  the  soath. 

The  preceding  observations  show  the  former  existence  of  glaciers  in 
the  river  valleys  of  the  extreme  northern  part  of  the  Territory,  either  as 
portions  of  a  general  ice  sheet  or  as  tongues  pushed  forward  from  dis- 
connected ice  rivers  descending  from  the  north.  It  is  in  keeping  with 
either  hypothesis  that  roches  moutonn^es  should  occur,  as  they  do  on 
the  mountains  sonth  of  the  forty-ninth  parallel,  produced  on  the  one 
hand  by  the  great  ice  mass  or  on  the  other  by  streams  radiating  from 
local  centers. 

The  extent  and  the  direction  of  flow  of  the  glacier  or  glaciers  therefore 
remain  open  qaestions,  to  be  studied  with  that  detail  which  the  inter- 
esting phenomena  of  the  region  invite. 

The  reconnaissance  work  upon  which  these  notes  are  based  inclnded 
observations  of  distribution  of  rock  groups,  the  results  of  which  are 
given  on  Plate  I. 

TSo  determinations  of  a|;e  were  possible,  as  no  fossils  were  found,  and 
the  classification  adopted  is  consequently  of  a  broad  lithologic  char- 
acter. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Intebiob, 
United  States  Geolooioal  Suevey, 

Ithaca,  N.  Y.,  August  2, 1886. 

Sib:  I  have  the  honor  to  transmit  herewith  for  publication  as  a  bul- 
letin a  second  contribution  to  the  study  of  Devonian  paleontology, 
Bulletin  No.  3,  "  On  the  Fossil  Faunas  of  the  Upper  Devonian,"  having 
been  designed  as  the  first  of  a  series  of  papers  on  the  comparative 
paleontology  of  the  Devonian  and  Carboniferous. 

In  that  paper  I  gave  the  results  of  a  study  of  the  section  along  the 
meridian  of  Ithaca  and  Cayuga  Lake,  running  southward,  which  may 
be  called  the  Cayuga  section. 

In  1883  examination  was  made  south  along  the  meridian  running 
through  Genesee  County,  New  York,  into  McKean  County,  Pennsyl- 
vania, where  the  Alton  coal  beds  were  reached.  The  general  results 
of  this  survey  were  communicated  to  the  Director  of  the  United  States 
Geological  Survey  and  an  abstract  of  my  communication  was  published 
in  Science,  Vol.  II,  pp.  836,  837,  December  28, 1883.  The  present  paper 
is  a  detailed  report  of  the  study  of  the  materials  of  this  Genesee  section. 

Since  the  field  work  was  done  several  additional  sections  have  been 
examined:  in  1884,  sections  through  Western  New  York  (and  adjoin- 
ing Pennsylvania)  from  Chautauqua  County  westward  and  into  Ohio 
as  far  as  the  meridian  of  Cleveland ;  and  in  1885  the  region  between  the 
Cayuga  section 'and  those  of  Delaware  and  Otsego  Counties,  as  far  as 
Oneonta,  were  examined.  The  materials  are  under  investigation  and 
will  be  reported  upon  as  soon  as  their  study  is  completed. 

The  sections  are  made  along  meridians,  in  order  to  make  them  more 
readily  and  simply  comparable.  Each  long  meridional  section  runs 
through  the  same  strati  graphical  series  of  deposits  and  is  made  up  of 
a  series  of  small  local  sections,  such  as  the  individual  outcrop  of  the 
rocks  renders  possible. 

It  is  not  supi)osed  that  in  any  case  these  sections  are  exhaustive,  but  it 
is  intended  that  so  far  as  they  go  the  relative  position  of  the  faunas  in  the 
sections  shall  be  precise  and  the  association  of  species  in  each  horizon 
shall  be  given  as  it  is,  so  that  the  faunas  can  be  identified,  and  thus, 
while  they  will  leave  much  to  be  added,  these  studies,  it  is  hoped,  will 
give  an  outline  of  the  geographical  distribution  and  geological  range  of 
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LETTER    OF   TRANSUITTAL.  * 

faunas  and  tlieir  species  whicli  will  make  a  comparative  study  of  &% 
fiiuuas  possible. 

lu  the  arraagemeut  of  the  material  of  this  report  I  hare  followed  sini- 
ply  the  order  in  which  the  various  sections  were  originally  made,  whicli 
is  in  general  from  north  to  soath  and  from  below  upward.  Tbo  niim- 
bering  of  the  stations  is  that  which  the  specimens  will  receive  when 
finally  deposited  in  the  National  Museum.  The  system  used  in  marking 
the  sections  and  the  specimens  representing  them  is  as  follows :  A  Dual- 
ber  is  assigned  to  each  principal  locality,  as  4G8  Attica,  477  Cuba,  487 
Olean,  &c.  A  letter  is  assigned  to  each  section,  as  477  A,  Armstrong 
qnarry,  Cuba;  477  C,  Smith  quarry ;  477  E,  a  ravine  south  of  (Jaba. 
For  each  section  the  individual  strata  or  fossiliferous  zones  receive 
numbers,  running  from  below  upward  wherever  thia  order  was  prac- 
ticable; thus  477  E'  is  the  principal  brachiopod  zone  of  this  pardcoLtr 
ravine,  477  E'  the  red  band  of  the  same  section. 

In  the  present  report  special  discussion  of  the  faunas  of  the  Hamilton 
group  and  of  those  below  the  black  shales  of  the  Genesee  group  is 
omitted,  since  the  sections  along  this  meridian  do  not  present  the  seriea 
with  sufficient  fullness  to  throw  any  new  light  npon  their  history.  The 
facts  gathered  will  be  presented  iu  their  connection  when  a  more  tj'pical 
series  of  this  part  of  the  Devonian  is  prepared  for  comparison. 
Respectfully  yours, 

HENRY  S.  WILLIAMa 

M^.  J.  "W.  Powell, 

Director  U.  S.  Qeologiaal  Survey. 
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UPPER  DEVONIAN  FOSSIL  FADNAS- GENESEE  SECTION. 


By  Henbt  S.  Williams. 


INTRODUCTION. 

The  description  of  fossils  is  a  most  importaut  work  for  the  paleontol- 
ogist, bnt  it  is  believed  that  a  still  more  iateresting  and  a  wider  field 
is  awaiting  his  investigation  in  the  comparative  and  historical  study  of 
organisms.  This  field  is  open  for  all  who  will  undertake  it,  and,  while 
the  professional  paleontologist  may  be  able  to  map  out  the  grander  feat- 
ures and  problems,  very  much  must  be  left  for  the  local  st  udent  to  fill 
in  by  careful  and  thorough  search  in  his  own  region.  This  same  line  of 
investigation  should  be  followed  out  in  all  the  geological  stages,  and 
each  student  will  find  his  best  field  in  that  region  in  which  he  can 
make  most  diligent  search.  In  the  present  case  the  selection  of  the 
Devonian  was  determined  by  the  simple  fact  that  the  Devonian  rocks 
were  for  the  writer  the  most  accessible.  These  outcrops  are  near  at 
hand  and  therefore  can  be  thoroughly  studied.  The  Silurian  offers  like 
opportunities  for  those  residing  in  the  midst  of  Silurian  rocks,  the  Meso- 
zoic  for  others. 

Scarcely  ever  do  good  species  range  through  more  than  a  siugle  geo- 
logical system,  and  hence  a  scrutiny  of  the  laws  of  the  modification  of 
species  may  be  best  effected  by  confining  our  comparisons  to  the  species 
of  a  single  system.  Till  we  gather  some  definite  knowledge  as  to  the 
laws  of  modification  which  species  undergo  when  traced  thro  ugh  varying 
geographical  conditions  and  in  their  geological  range,  our  ideas  in  re- 
gard to  modification  of  genera  and  families  must  necessarily  be  hypo- 
theticaL  It  is  hoped,  too,  that  these  investigations  may  throw  some 
light  npon  the  nature  of  what  we  call  species — as  to  wh  at  may  be  the 
conditions  determining  the  constancy  of  certain  characters  an  d  the  plas- 
ticity of  others.  In  order  to  do  this,  data  must  be  collected  showing 
what  the  constant  and  what  the  plastic  characters  act  nally  are,  and 
this  in  regard  to  particular  species,  at  particular  stages,  and  in  x)ar- 
ticular  regions. 

In  a  paper  read  at  the  Ann  Arbor  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  1885, 1  communicated  some  of  the  gen- 
eral results  of  comparison  of  the  several  faunas  of  the  Upper  Devonian^ 
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as  seen  in  the  varioas  sections  from  Oneonta,  Otsego  Oonnty,  !N'.  Y., 
westward  to  Cleveland,  Ohio.  I  then  named  the  several  long  sections 
whose  faunas  were  made  the  sabjects  of  comparison.  The  section 
described  in  the  present  paper  is  there  called  the  Oenesee  section. 
In  reference  to  the  identification  of  species  in  this  paper,  I  wish  par- 
ticularly to  state  that  I  regard  them  in  many  cases  as  imi>erfeot  and 
provisional. 

« 

The  careful  comparison  of  large  series  of  specimens  from  the  same 
and  from  different  localities  and  from  different  zones  has  brought  out  so 
conspicuously  the  variability  in  many  of  the  characters  used  in  the  defi- 
nition of  species  that  the  limitation  and  the  validity  of  species  are  often 
called  in  question.  But  in  order  to  speak  of  them  and  to  discuss  the 
problems  involved  it  is  necessary  to  use  some  names.  The  rule  I  have 
adopted,  therefore,  is  to  apply  to  specimens  which  have  come  from  the 
same  localities  and  horizons  the  names  which  are  in  common  use  in  the 
reports  and  in  the  museums  where  the  typical  specimens  m  ay  be  found 
named  and  described.  The  literature,  too,  is  often  confused,  and  forms 
which  ought  to  go  under  a  single  name  are  often  called  by  different  names 
by  different  authors.  This  is  i)articularly  noticeable  when  comparisons 
of  our  material  are  made  with  collections  from  Europe  or  from  distant  por- 
tions of  our  own  land.  Further,  there  are  in  common  use  in  our  American 
literature  generic  names  of  very  doubtful  value,  which  may  be  disi)en8ed 
with  to  the  advantage  of  science.  But  to  adjust  those  errors  would  in- 
volve tedinical  and  detailed  discussion,  not  appropriate  to  this  paper, 
and  I  liiive  therefore  somewhat  sacrificed  precision  in  the  use  of  nomen- 
clature in  order  to  brin^  out  more  clearly,  for  those  familiar  with  the 
State  reports  and  the  museums  in  which  the  typical  collections  are  con- 
tained, the  general  characters  of  the  faunas. 

As  preparation  for  these  investigations  I  owe  much  to  the  abundant 
and  instructive  labors  of  geologists  and  paleontologists  who  before 
me  have  studied  deeply  into  the  i)roblen)s  and  done  much  toward 
their  solution.  In  this  country,  ^lessrs.  James  Hall,  J.  S.  Newberry, 
A.  Winchell,  C.  A.  White,  and  later  Messrs.  John  F.Carll,  I.  C.  White, 
C.  A.  Ashburner,  and  II.  M.  Chance,  in  connection  with  Prof.  J.  P.  Les- 
ley, of  the  Pennsylvania  survey,  and  ]\Ir.  Edward  Orton,  the  present 
State  geologist  of  Ohio,  Messrs.  F.  B.  Meek  and  A.  If.  Worthen,  of  the 
Illinois  survey,  and  Mr.  Carl  Eominger,  of  the  Michigan  survey,  and 
others,  in  ii  more  general  w\ay,  have  taken  more  or  less  active  part  in 
elaborating  the  facts  and  in  determining  the  relations  which  the  com- 
plicated series  of  deposits  sustain  toward  one  another.  In  Great  Britain 
the  discussion  which  centered  about  the  Devonian  x)roblem,  the  relation 
of  the  Devonian  marine  deposits  and  the  Old  Ivcd  Sandstone,  is  full  of 
instruction,  beginning  with  the  classic  x)ai)er  of  JMurchison  and  Sedg- 
wick, and  expressed  most  forcibly  in  the  papers  of  Murchison,  Salter, 
Jukes,  Uall,  and  Champernowne,  and  i)ractically  settled  for  Great 
Sritaia  in  the  ej;:liaustive  paleontological  paper  of  Sir  llobert  Etheridge 
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in  1867.  Most  of  these  articles  may  be  consulted  in  the  Transactions 
and  Journal  of  the  Oeologioal  Society  of  London.  Becent  iuvestiga- 
tions  on  the  Devonian  series  of  Noifthern  France  and  Belgium  have 
thrown  light  on  the  general  problem.  The  papers  of  MM.  Oosselet, 
BarroiSy  and  Mourlon  may  be  specially  mentioned.  Valuable  sugges- 
tions are  also  found  in  the  papers  of  M.  Emanuel  Kayser  on  the  Bhen. 
ish  Devonian. 

All  these  investigations  tend  to  show^  first :  that  the  series  of  deposits 
which  immediately  preceded  the  Carboniferous  formation,  or  those  de- 
posits which  are  of  a  semiterrestrial  origin,  at  the  close  of  the  Paleozoic 
exhibit  great  variation  in  the  nature  and  order  of  the  deposits  when 
traced  over  any  considerable  geographical  area.  The  termination  of 
the  Devonian  age  and  deposits  underlying  the  true  Carboniferous  age 
have  been  a  constant  source  of  bewilderment  to  all  geologists  in  this 
country  who  have  looked  outside  their  own  immediate  neighborhood. 
Secondly,  when  studied  minutely,  there  appear  to  be  evidences  to  show 
that  the  differences  in  the  faunas  in  these  deposits  are  not  always 
chronological  differences,  but  must  be  regarded  often  as  geographical  in 
faunas  living  at  the  same  time  under  different  conditions. 

From  the  fact  of  these  differences  and  irregularities  in  the  deposits 
and  in  their  contained  faunas,  they  seemed  to  offer  a  particularly  attract- 
ive field  for  studying  the  eff*ects  of  changing  conditions  upon  the  organ- 
isms and  a  promising  field  from  which  to  learn  the  laws  of  change  which, 
under  like  conditions,  might  be  traceable  to  chronological  sequence, 
and  at  a  common  horizon  could  be  more  properly  referred  to  geograph- 
ical change  of  the  environing  conditions  of  life. 
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CHAPTER  I. 

REVIEW  OP  OPINIONS;  THE  BEARINGS  OF  THESE  INVESTIGA- 
TIONS  UPON  THE  CLASSIFICATION  OP  THE  UPPER  DEVONIAN 
ROCKS  AND  FAUNAS. 

In  planning  these  investigations  into  the  history  of  organisms,  the 
Devonian  age  was  chosen  as  a  particularly  important  field  because 
of  the  numerous  disputed  questions  there  awaiting  solu  tion  and  because 
it  offers,  in  the  various  exposures  in  this  country,  abund  ant  data  for 
investigation.  Between  the  limits  of  the  Oorniferous  limestone  below 
and  the  coal  deposits  above  is  found  a  great  thickness  of  strat  a  in  New 
York,  Pennsylvania,  and  a(\jacent  territory  broken  up  into  several  well 
marked  geological  formations.  In  other  parts  of  the  Unite  d  States  the 
same  series  is  represented  by  deposits  containing  like  fossils  but  not 
always  identical,  nor  are  successive  strata  always  composed  of  the 
same  materials  or  arranged  in  the  same  groups  as  we  pass  out  of  this 
eastern  area. 

/When  these  investigations  were  begun  the  chief  question  in  mind  was 
the  solntion  of  the  complex  problem  of  the  equiva  lency  of  the  various 
sections  covering  Upper  Devonian  and  Lower  Carboniferous  horizons  in 
various  parts  of  the  country.  The  first  general  section  therefore  did 
not  extend  below  the  Black  Oenesee  shale  terminating  the  Hamilton 
formation.  The  faunas  from  this  point  to  the  first  coal,  as  seen  along 
the  meridian  from  Cayuga  Lake  southward,  were  reported  upon  in  the 
United  States  Oeological  Survey  Bulletin  No.  3.  But  the  pro  blems  in- 
volved are  too  far  reaching  to  be  limited  by  so  indefinite  a  mass  as  the 
black  shales  lying  in  the  Middle  Devonian  of  New  York.  Although  this 
section  through  the  middle  tier  of  coun  ties  in  Western  New  York  is  an 
admirable  one  for  the  study  of  the  Upper  Devonian,  it  will  be  necessary 
to  go  farther  east  to  find  the  lower  faunas  (i.  c.,  above  the  Coruiferous 
limestone)  so  exhibited  as  to  determine  the  details  of  their  history. 

On  entering  upon  fields  of  which  the  geological  structure  is  well 
known  and  whose  fossil  species  are  generally  familiar  an  d  described,  I 
neither  undervalue  the  excellent  work  of  my  predecesso  rs  nor  expect 
to  do  anything  to  take  the  place  of  the  geological  reports  already  pub- 
lished. On  the  other  hand,  the  work  here  attempted  could  not  be  under. 
taken  without  this  preliminary  mapping  out  of  the  field  and  working  up 
of  the  species  concerned. 

I  am  here  interested  not  in  adding  to  the  long  list  of  described 
species,  nor  iu  determining  to  what  geological  period  the  species  be- 
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long,  but  iu  ascertaining  the  laws  of  association,  of  sequence,  of  modi- 
fication, and  of  distribatioQ  of  species  in  tlie  past.  Tiio  better  known 
and  tbo  more  frequent  the  oocarrence  of  tlie  species  the  more  eatisfac- 

.tory  will  be  the  results  to  be  reached  by  their  study.  In  the  course  of 
the  invastigatious  already  a  few  new  species  have  appeareii,  bat  macb 
more  frequently  forms  have  been  met  with  which  lie  intermediate  be- 

_  tween  the  typical  forms  of  already  described  species, 

■  Facts  are  thus  accitumlated  for  a  revision  of  the  characters  essential 
to  the  distinction  of  species.  N^ot  only  am  I  indebted  to  the  work  of 
other  geologists  for  facts  accumulated,  but  suggestions  and  partial  ex- 
planations of  the  facts,  so  far  as  the  eridenco  existed,  have  been  used 
as  guides  in  extending  the  research.  I  haveavailed  myself,  too,  of  tbe 
differences  of  opinion  amoug  accei>ted  aathorities  as  a  guide  to  the  qoes- 
tious  needing  most  careful  study. 

On  examining  the  series  of  deposits  found  in  eacli  State,  it  was  of 
first  importance  to  cousult  the  published  reports  of  geological  surveys 
already  made.  I  have,  therefore,  consulted  the  numerous  series  of  re- 
ports of  the  State  surveys  of  Saw  York,  Ohio,  Pennsylvania,  Michi- 
gan, Iowa,  Missouri,  Illinois,  and  of  other  States  in  which  representative 
deposits  were  exposed. 

FBOF.  JAMBS  HALL'S  VIEWS. 

la  the  volume  oa  the  Devonian  Brachiopoda,  1867  (0«ot.  Surv. 
,of  N.  T.,  Tal.,  Vol.  IV,  Pt.  I),  Prof.  James  Hall  recognized  the  in- 
creaae  of  Carboniferous  types  among  tbe  species  of  the  Upper  Devo- 
nian on  passing  from  the  eastern  ih  the  western  deposits  of  ^ew  York 
State ;  this  he  regarded  as  a  mark  not  of  a  higher  geological  stage,  bnt 
of  a  change  in  geographical  conditions.  He  wrote  (p.  257):  "And 
finally,  we  have  every  reason  to  believe  that  in  those  sedimentary  for- 
mations between  the  Hamilton  group  and  the  Coal  Measures  in  the 
east,  and  between  the  same  groups  and  the  Bnrlington  (Carbouifer- 
ons)  limestone  in  the  west,  the  Devonian  aspect  of  tbe  fauua  on  the  one 
hand  and  its  Carboniferous  aspect  on  tbe  other  are  due  to  geograph- 
i:-iil  and  physical  conditions,  and  not  to  difference  in  age  or  chronolog- 
ical sequence  of  the  beds  cputaiDtiig  the  fossils." 

Tbe  mingling  of  Devonian  and  Carbouiferoos  types  in  rocks  of  the 
Lake  Superior  region  occurred  to  Professor  Hall  still  earlier  (see  Bep. 
Geol.  Lake  Superior  Land  District,  Foster  &  Whitney,  1851,  p.  313), 
Icadiug  to  tbe  belief  that  the  transitions  are  gradual  and  not  clearly 
defined. 

This  idea,  whether  originating  with  Professor  Hall  or  not,  was  never 
elaborated  by  him  in  public,  so  far  as  I  can  ascertain.  In  Great  Britain, 
however,  tbe  discussion  of  the  relations  existing  between  the  Devonian 
and  the  Old  Bed  Sandstone,  which  practically  terminated  in  Sir  Bobert 
Etberidge's  masterly  paper  on  "  The  physical  strnoture  of  West  Soin- 
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erset  and  North  Devon"  in  1867  (Quar.  Jour.  Geol.  Soc,  London,  Vol. 
XXIII),  has  broaght  oat  clearly  the  fact  that  the  Old  Eed  Sandstones, 
wanting  in  marine  invertebrate  faunats  and  filling  the  gap  between 
the  marine  deposits  of  the  Silnrian  and  those  of  the  Carbouiferous, 
are  the  equivalents  of  the  marine  deposits  called  Devonian — not  above 
nor  below  them,  but  contemporaneous,  though  in  separate  geogra[>h- 
ical  areas. 

The  change  in  the  character  of  the  American  deposits  in  passing 
westward  and  the  differences  observed  in  the  faunas  were  explained  by 
Professor  Qall  as  due  to  mingling  of  the  Devonian  and  Carboniferous 
faunas  toward  the  west. 

PROF.  A.  WINCHELL'S  VIEWS. 

In  1870  Prof.  A.  Winchell,  in  a  paper  (in  Proc.  Am.  Phil.  Soc,  Vol. 
Xr,  pp.  57-82,  385-418)  "On  the  geological  age  and  equivalents  of  the 
Marshall  group,"  objected  to  this  interpretation  of  the  facts,  which  im- 
plied, if  it  did  not  assert,  that  the  Waverly  and  Marshall  groups  were 
only  geographical  modifications  of  formations  of  the  same  general  age  as 
the  Chemung.  Professor  Winchell  brought  elaborate  evidence  to  show 
that  the  Marshall,  Waverly,  and  allied  faunas  in  Illinois,  Indiana,  Iowa, 
and  Missouri  were  equivalents,  that  they  were  not  equivalent  to  the  Clie- 
niung  group  of  New  York,  and,  finally,  that  they  were  separated  from 
the  letter  by  the  Catskill  group  of  Eastern  New  York,  which  was 
regarded  as  following  the  Chemung  and  intermediate  between  tlie 
Devonian  and  the  Carboniferous  age. 

The  problem  of  chief  interest  to  the  general  geologist  awaiting  solu- 
tion in  these  regions  is  that  of  the  equivalency,  or  even  the  interpreta- 
tion of  the  true  relations,  of  these  several  series  of  rocks  between  the 
Hamilton  and  the  Coal  Measures,  especially  in  the  contiguous  States  of 
New  York,  Pennsylvania,  and  Ohio. 

In  the  earlier  surveys  the  Upper  Devonian  was  traced  far  into  the  in- 
terior, and  the  Waverly  of  Ohio,  the  Burlington  sandstone,  and  the 
Chouteau  beds  of  Missouri  were  alike  regarded  as  equivalent  to  the  New 
York  Chemung. 

In  1807  Professor  Hall  receded  from  this  position  and  recognized 
the  force  of  Professor  Newberry's  discovery  of  Spirifera  Vern<mili 
(=r  S.  diyuncta)  below  the  Cleveland  shale  (see  Geol.  Surv.  N.  Y.,  Pal., 
Vol.  IV,  Pt  I,  note  at  beginning).  In  1870  the  superior  and  independent 
position  of  the  Waverly  and  equivalents  was  defended  by  Professor 
Winchell  in  the  paper  above  mentioned. 

VIEWS  ON  THE  RELATION  OF  THE  WAVERLY  TO  THE  NEW  YORK  SERIES. 

In  1875,  Professor  Hall,  finding  the  fossils  of  the  Clienuing  group  in 
the  higher  beds  of  Western  Pennsylvania  mingling  with  other  species 
regarded  as  Carboniferous,  concluded  that  *'  the  Chemung  fauna  coivUw- 
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nod  its  existence  till  after  tlie  appearance  of  GarboDiferoas  forms,  and 
tliat  the  two  faunas,  if  they  can  be  properly  so  regarded,  lived  in 
tbe  itame  sea  and  at  tbe  same  epoch;  and  the  qaestiou  of  the  limits  be- 
tween Devonian  and  Carboniferous  formations  is  likely,  at  least  for  some 
time,  to  remain  nndGterniined  in  some  parts  of  tbe  coantry."  (Am. 
Jonr.  So.,  3d  ser.,  Vol.  XII,  pp.  303, 304.) 

In  1878  Professor  Newberry  defended  liis  early  opinion  regarding  the 
Ohio  equivalent  of  the  Chemung  as  terminating  at  tbe  base  of  the  Cleve- 
land shale  (see  Oeol.  Siirv.  Ohio,  Vol.  HI,  Geol.,  p.  14) ;  but  this  opinion  ia 
complicatedby  the  further  one  that  the  upper  part  of  the  Portage  group 
in  the  proper  base  of  the  Carboniferous  series,  mailing  these  disputed 
beds  merely  a  base  of  the  Carboniferous. 

Tbe  coufusion  in  regard  to  the  fossils  of  these  Upper  Devonian  beds 
leaven  the  matter  of  exact  e*]uivttleney  still  in  doubt.  That  is,  the  min- 
gling of  faunan  which  led  Prof.  Jumos  Hall  to  regard  the  Chemung 
fauna  as  continuing  int^  the  Carboniferous  and  Prof.  J.  S,  Newberry 
todinwdown  tho  limits  of  the  Carboniferous  so  as  to  include  the  Che- 
mung and  tbe  Upper  Port;igebas  not  yet  been  satisfactorily  interpreted. 
We  see  then  that  this  confusion  and  occasional  blending  of  faunas  were 
variously  interpreted  by  those  who  gave  the  subject  ihost  careful  study. 
The  New  York  State  geologist  (Qall),  without  distinguishing  the  fannas, 
regarded  them  as  blending,  and  he  left  the  relations  of  theNew  York  and 
wcsteni  beds  undecided.  TheOhio  geologist  (Newberry),  from  his  stand- 
jioiiit  of  a  CarboTiifcrouH  AVaverly  t,'ruu]>,  brought  down  the  Devouo-Car- 
huniferous  point  of  transition  to  the  Portage  sandstones  of  New  York, 
thus  including  the  Chemung  group  within  the  Carboniferous;  while 
ilie  Michigan  geologist  (A.  Wincbell),  recognizing  tbe  integrity  of  his  ' 
Klarshall  group  formation,  but  finding  still  no  equivalent  founa  for  it  in 
tlie  New  York  series,  regarded  it  as  the  equivalent  of  the  brackish  or 
fresh  water  Catskill  group,  thus  putting  it  above  the  Chemung  group 
of  New  York  as  then  defined.' 

VIBWS  op  PEKHSTLVANIA   GEOLOGISTS. 

Since  1875  the  Pennsylvania  geologists,  under  Prof.  J.  P.  Lesley, 

finding  tbe  fossils  entirely  unsatisfactory  as  means  of  determining  the 

'Since  the  writiogof  this  paper,  at  the  Philudelphia  meeting  of  llieAiiierio>n  Awo- 
ciatlon  for  tbe  Advanoemeut  of  Science,  in  1884,  Prof.  Jamea  II&Il  oommiinioated  • 
paper  entitled,  "  Note  on  the  iutiinaCe  Mlatious  of  the  Chemung  gronp  and  Wavetlf 
sundatone  in  Norlhweeteni  Pennsylrania  and  SoQtbwealern  New  Toik."  (Proa.  Am. 
Assoc.  Adv.  Sc,  1884,  Port  II,  p.  416.)  Tbe  paper  is  based  upon  a  section  in  Wama 
Coanty,  Pennsylvania,  made  bjHr.  C.  E.  Beecher  and  Mr.  F.  A.  Randall.  In  thlaawt- 
tiou  the  Chemnng  ia  regarded  aa  rnnning  up  to  the  htue  of  the  Waverly,  and  at  ^e 
junction  iasaid  to  be  "the  place  of  the  Catsk  ill,"  where  "there  is  a  hiatna  irtiioh,  la 
Eastern  New  York  and  Pennsylvania,  ia  marked  by  the  presence  of  measniea  having 
a  tbickneasoffivm  3,000  to  5,000  feet"  (p.  418),  and  Profeesor  Hall  conclndee  that"  tlM 
deposition  of  the  estnary  Catskill  aedtments  hae  been  going  oa  BiiiialtaneoiiBly  with 
tbe  open  see  deposits  of  the  Waverly  formation." 
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transition  beds,  adopted  stratlgrapbical  couditions  as  their  chief  criteria, 
and  Mr.  John  F.  Garll,  Prof.  I.  C.  White,  Mr.  C.  A.  Ashburner,  and 
Mr.  H.  M.  Chance  have  giren  iu  their  several  valuable  reports  various 
interpretations  of  the  series. 

The  one  point  in  which  they  all  appear  to  agree  is  the  equivalency  of 
vhe  Olean-Garland-Ohio  Conglomerate,  altLough  in  1876  Mr.  E.  B.  An- 
drews, formerly  of  the  Ohio  survey,  objected  with  strong  argument  to 
regarding  the  Conglomerate  underlying  the  Coal  as  marking  a  common 
Iiorizon  for  even  the  Ohio-Pen nsylvaniiir Virginia  area,  and  suggested 
that  it  would  be  more  appropriate  to  call  this  a  rock  than  a  common 
horizon.  (See  Proc.  Am. Assoc.  Adv.  Sc,  Vol.  XXIV, Pt  II,  p.  84.)  The 
Pennsylvania  geologists,  taking  this  Olean  Conglomerate  as  a  definite 
common  horizon,  recognize  a  sub-Olean  Conglomerate,  which  in  their 
northwestern  counties  takes  its  place  below  the  Olean  Conglomerate  and 
above  the  horizon  to  which  the  red  bods  of  the  east  and  their  equiva- 
lents are  assigned.  This  lower  Conglomerate,  often  merely  a  sandstone, 
is  distinguished  by  its  flat  pebbles,  although  frequent  sandstones  and 
conglomerates  are  recognized  below,  having  flat  and  worn  pebbles. 

When  we  go  below  this  horizon  confusion  is  greater  the  greater  the 
number  of  counties  whose  sections  are  C()ni;)ared,  but  in  the  north- 
western counties,  where  the  red  beds  offer  least  trouble  by  their  pres- 
ence, frequent  heavy  sandstone  beds  separated  by  shales  and  thinner 
shaly  sandstones  are  found  occupying  at  least  several  hundred  feet. 
These  have  gained  the  more  general  name  of  the  Venango  oil  sands. 

Mr.  J.  F.  Carll  (Report  III,  Second  Geol.  Surv.  Pa.)  gives  several 
systems  of  sandstones  and  shales  below  this  before  reaching  what  he 
.  regards  the  equivalents  of  the  New  York  Chemung.  Prof.  I.  C.  White 
(QQQQ,  2d  Geol.  Surv.  Pa.,  1881)  regards  the  Venango  group  as  resting 
immediately  upon  Chemung  flags  in  Erie  and  Crawford  Counties,  Penn- 
sylvania, and  is  obliged,  also,  to  recognize  the  fact  that  the  fossils  of 
this  group  are  decidedly  of  Chemung  type.  This  Venango  group  is  in- 
dnded  by  Mr.  C.  A.  Ashburner  in  the  Catskill  (Ponent,  No.  IX),  but  he 
iuclndes  the  Bradford  oil  sands,  which  wore  placed  higher  in  the  series 
by  Mr.  Carll,  in  the  Vespertine  No.  VIII. 

THE  PENNSYLVANIA  SECTION. 

Without  entering  into  the  minutiae  of  the  extremely  interesting  series 
of  sections  which  the  Second  Geological  Survey  of  Pennsylvania  has 
brought  to  light,  we  find  a  genersil  agreement  in  the  following  arrange- 
ment of  deposits  for  the  Upper  Devonian,  leaving  out  the  red  beds,  which 
must  receive  special  consideration.  After  jiassing  the  Uamilton  forma- 
tion and  the  black  Genesee  shale,  where  they  are  recognized,  there  is — 

First.  A  series  of  thin  bedded  deposits,  generally  more  argillaceous 
than  sandy^  constituting  the  blue  or  green  shales  of  the  Portage  group, 
containing  little  or  no  iron,  except  in  the  condition  of  pyrites. 

Second.  A  series  of  similar  shales,  but  of  geueraUy  \\g\i\.^t  v!,vAo^  "^wX 
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weathering  browu  to  yellow  from  iron  oskleij,  aud  with  occaaiooal  thick 
massive  beds  of  light  gray  sandstones,  often  coarse  graiueJ  ua<l  in 
places  conglomeratic,  aud  holding  potiolenni  in  some  areas.  When  seen 
oil  the  surface  they  are  often  stronj^ly  caloareoiu,  and  generally  give  off 
a  strong  bitatninoiis  odor  npon  first  fracture. 

Third.  A  series  of  sandstone  conglomerates,  with  soft  shales,  not 
strongly  separated  from  the  second  group,  but  the  two  kinds  of  rock,  the 
shales  aud  the  sands,  when  interstradSetl,  ave  euch  purer  in  coinpotti- 
tiou,  and  the  iron  appears  in  beds  or  nodules  in  the  sandx,  where  iroti 
oxides  are  so  fre(|neut  as  to  cause  them  generally  to  be  of  a  yellowish 
tint.     Flat  pebble  conglomerate  is  seen  in  some  of  the  beds. 

Fourth.  The  coarse  round  pebble  conglomerate,  with  thin  seams  of 
black  shiUes  aud  true  bituminous  coal. 

THE  ALLEGANY   COUNTY  SECTION. 

In  New  York  I  find  the  Allegany  County  section  beai-s  a  genera]  re- 
semblance to  the  Pennsylvania  series.  However,  in  the  second  group 
the  sandstones  are  less  prominent  and  the  shales  prevail,  in  the  s-;cund 
and  third  groups  the  conglomerates  ai'e  rare  and  generally  only  the  sand- 
stones are  seen,  and  black  shales  are  interleaved  with  the  shales  of  the 
first  group  nearly  to  the  base  of  llic  second.  Going  farther  cast  iu  Xev 
York,  I  find  the  massive  fiiindritouus  of  the  second  group  are  redaccd  lo 
bnt  one  or  two  beds  of  I!  or  3  feet  thickness ;  and  utill  farther  east,  but 
before  reacfaing  the  Oat«kill  Monntaius,  this  particular  class  of  saud- 
stones  is  wanting,  while  the  third  series,  in  place  of  gray  sandstones  and 
conglomerates,  becomes  dark  greenish  gray,  micaceous  flags  and  red 
shales  and  sandstones;  and,  finally,  the  red  and  coarse,  greenish  gray, 
flaggy  sandstones  and  shales  appear  still  lower  and  fill  the  whole  inter- 
val from  tbe  Hamilton  shales  upward  to  the  Uonglomerate, 

OEDEB  OP  DEPOSITS  IN  OHIO. 

Now,  turning  in  the  other  direction,  in  Ohio  we  find  a  different  order 
of  strata.  The  first  group,  instead  of  being  followed  by  the  heavier  and 
more  frequent  sands  of  the  second  group,  is  foil  j  wed  by  a  return  of  the 
condition  below,  black  fine  shales  and  soft  greens  taking  the  place  of 
thin  bedded  shales  and  sands.  And  the  whole  interval  of  the  seoond 
and  third  groups  of  the  areas  farther  east  is  represented  by  only  oue,at 
greatest  only  two,  of  the  sandy  conglomerate  deposits. 

The  explanation  of  this  condition  of  things  is  to  be  fully  determined 
only  by  the  fossils.  I  find  that  the  first  group  holds  a  Portage  ^nna  in 
tbe  soft  green  shales  aud  a  Oenesee  fauna  in  the  black  interleaved  shales. 
I  &nd  thesecondgroupmarkcdby  the  departure  of  tbe  Portage ^ana  at 
the  first  massive  sandstones;  and  with  the  deposition  of  those  sands  of 
the  second  group,  both  in  them  and  in  thcaccomiianjiug  shales  which  are 
^pare  /erru^iitous  than  those  below,  the  Chemung  fauna  appears. 
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With  the  depositiou  of  the  lower  flat  pebble  conglomerates,  a  new 
fauna  comes  in,  but  it  does  not  entirely  take  the  place  of  the  other  fauna. 
These  first  conglomerates  are  clearly  shown  to  be  comparatively  local, 
grading  rapidly  off  into  coarse  sands  or  even  lost  entirely  in  sandy 
shales  in  a  distance  of  fifty  miles.  But  their  general  plaoe  in  the  series 
is  definite  and  regular  in  this  eastern  area.  Also,  so  far  as  the  fact^  are 
gathered,  it  is  clear  that  the  faunas  associated  with  tbem  are  distinct, 
even  when  they  were  deposited  alternately  with  Chemung  shales  bear- 
ing the  genuine  Ghemung  faunas. 

In  New  York  the  flat  pebble  conglomerate  appeared  before  the  ces- 
sation of  the  Ghemung  fauna,  and  in  fact  we  find  traces  of  the  latter  up 
to  the  base  of  the  Oleau  Conglomerate. 

The  exact  equivalency  of  the  Ohio  grits  and  overlying  shales  and 
their  faunas  must  be  determined  by  a  fuller  and  more  thorough  com- 
parative study  of  their  faunas  than  has  yet  been  published. 

GEOGRAPHIC  AND  CHRONOLOGIC  RELATIONS  OP  THE  FAUNAS. 

It  is  necessary  to  recognize  the  effect  of  geographical  condition  upon 
faunas,  as  well  as  the  changes  incident  to  chronological  sequence,  if  we 
would  interpret  the  confusion  existing  in  the  Devono-Garboniferous  de- 
posits of  the  eastern  portion  of  our  continent.  But  the  assigning  of 
the  Marshall  fauna  to  the  period  of  tbe  Catskill  group  does  not  settle  it. 
Neither  does  the  expansion  of  the  Chemung  to  receive  the  Waverly 
fauna  or  the  pulling  down  of  the  Carboniferous  to  cover  the  Portage  re- 
lieve  us  from  the  main  perplexities. 

It  is  only  by  disentangling  these  faunas  and  ascertaining  the  true 
geographical  and  chronological  relations  which  they  bear  to  one  an- 
other that  the  difficulty  is  to  be  met.  This  is  to  be  attained,  not 
by  clinging  to  any  sharp  limits  of  a  stratigraphical  or  a  lithological 
nature  or  to  any  absolute  division  between  one  formation  and  the  fol- 
lowing, but  each  fauna  must  be  traced  upward  and  downward  and  its 
modifications  noted  until  it  is  replaced  by  another,  and  whatever  on 
the  way  is  interpolated  or  is  added  to  it  must  be  traced  to  its  origin  or 
to  its  center  of  occurrence.  Thus,  I  believe,  a  scale  of  the  chronological 
sequence  in  the  life  history  of  the  organisms  and  the  faunas  may  be 
prepared  which  may  serve  as  a  definite  standard  for  determining  the 
relative  age  of  deposits,  quite  independent  of  the  characters  of  the 
sediments  which  were  being  continuously  thrown  down,  these  being 
in  main  part  determined  by  local  conditions  of  the  disintegrating  shores 
and  the  distance  away  from  them.  By  themselves  the  rocks,  as  rocks, 
present  no  features  which  may  serve  as  indications  of  the  particular 
stage  in  geological  time  at  which  they  were  deposited. 

While  the  method  proposed  will  make  of  geology  a  more  difliciilt  and 
complex  study,  the  entangling  of  formations  and  their  groups  of  organ- 
isms—  inextricably,  as  it  would  seem,  when  the  attempt  is  made  to 
make  minute  comparisons  over  wide  areas — is  much  nearer  a  true  ap- 
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preuUtiOQ  of  the  facts  as  tbey  actually  occnrred  than  the  simple  but 
couuise  tabulation  of  typical  series  and  tbo  co-orilinatioa  of  those  thnt 
»re  not  ty|>iuivl  by  tbinuiog  or  thickening  tliem  with  assumed  gaps  or 
iusertiona.  The  method  of  critical  and  careful  study  of  the  lithological 
and  stnitfgraphical  condition  of  the  rocks,  adopted  by  the  Pennsylvania 
geologists,  is  briuging  out  wilh  gieat  distinctness  the  nntrnstworthiuess 
of  tb'ese  characters  alone  for  the  co-ordination  of  horizons  over  any  coti- 
tfderablo  extent  of  territory.  The  study  of  fossils  in  their  relations  to 
.  the  rock  deposits  and  in  their  asaociatiou  with  one  another  has  alreaily 
aaggested  that  the  sharp  lines,  often  observed  Keparating  one  gronp  of 
organisms  strati  graphically  from  another,  are  in  part  due  to  local  contli- 
tlons.  As  our  familiarity  with  differeot  sections  from  separated  areas 
increases,  the  fauniis  which  we  shall  learn  to  regard  as  marking  a  com- 
mon geological  period  or  stage  will  comprise,  in  some  measure  at  least, 
groupings  of  species  as  various  as  are  now  met  with  in  the  diflerent  re- 
gions and  at  different  depths  of  the  sea. 

In  this  report  the  Upper  Devonian,  including  the  Genesee  shale, 
comes  under  detailed  discussion.  The  lowest  member  of  this  section 
ia  at  Attica,  Wyoming  County,  N.  Y.  Running  northward  from  there 
the  countrj'  is  heavily  covered  witli  soil  and  no  good  exposures  of  Ham- 
ilton rooks  arc  mot  with,  and  not  till  the  limestone  ridge  seen  at  Batavia 
ia  reached  have  the  rocks  resisted  disiulegration  sufliciently  to  present 
fit  outcrops  for  study.  Westward  from  Attica  the  Hamilton  and  the 
Uarcellus  are  ex])osed,  but  all  this  part  of  the  Devonian  is  far  better 
represented  fifty  or  a  hundred  miles  farther  east. 

LIST  OF  THE   FAUNAS. 

The  more  important  groupings  of  species  into  temporary  fhanas  are: 

The  Lingula  fanua  of  the  Genesee  shales,  as  seen  in  section  468  (p.^1) ; 
the  Cardiola  fauna  of  the  Portage  sbales,  472  C  (p.  41) ;  the  early  Leio- 
rhynchtu  fauna  of  the  green  shales  of  the  Cbemnog,  476  G  (p.  60);  cbe 
Spiri/era  mesocoitalis  fauna,  as  seen  about  Rush  ford,  476  (p.  58);  tlie 
Streptorhynchvs  and  Spirijera  digjuncta  fauna  proper,  as  seen  in  the 
Gaba  sandstones  and  similar  sandstones  to  the  north,  477  (p.  65);  the 
lamellibrancb  fauna  of  a  member  of  these  sands,  477  A'  (p.  64) ;  the 
Lingula  fanua  in  the  underlying  shales,  477  A'  (p.  64);  the  Athyrit 
^njieltca  fauna,  particularly  represented  in  the  soft  shales,  477  H(p.  67); 
the  fanna  of  the  flat  pebble  conglomerate,  486  (p.  91),  and  tbe  buna  of 
the  ferruginous  sandstone  (p.  87), 

Besides  these  there  are  a  few  local  or  special  faunas,  as  a  brownish 
red  sandstone  above  Bashford  (p.  56),  containing  a  small  terebratnloid 
shell,  which  appea.s  identical  with  Centrottella  Julia,  of  Winchell,  and 
tbe  special  fauna  of  one  of  the  earliest  red  bauds  south  of  Cuba,  with  an 
abundance  of  a  small  Orthig  Leonemis  (p.  67). 

Each  of  these  several  faunas  is  distinguishable  as  a  separate  group  of 

species,  associated  with  some  distinct  character  of  sediment  or  definite 
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horizon.  Many  of  them  were  probably  living  at  the  same  time  within  the 
same  general  oceanic  area,  but  one  was  confined  to  mud  bottom,  an  other  to 
sand,  one  is  peculiar  to  a  black  shale,  another  to  a  soft  green  shale,  a  third 
to  a  sandy  conglomerate.  Several  of  them  may  contain  a  majority  of  the 
species  alike,  but  hold  some  one  or  more  species  either  peculiar  to  it  or 
In  greater  abundance  or  under  some  particular  varietal  form.  As  we 
approach  the  top  (it  may  be  in  some  thin  stratum  differing  from  the  sur- 
rounding deposits)  we  come  across  a  little  colony  of  a  si)ecies  foreign  to 
Uxe  general  fauna  but  characteristic  of  some  formation  of  a  different 
geographical  area,  as  in  the  case  of  Centronella  Julia  in  the  llushford 
sand  (p.  50) ;  or  we  may  find  in  a  series  of  apparently  identical  deposits 
two  distinct  faunas,  having  scarcely  a  species  in  common,  though  within 
a  few  feet  of  each  other,  as  in  the  Lamellibranch  and  the  Brachiopod 
faunas  of  the  Cuba  sandstone  (p.  65). 

BELATION  OP  THE  FAUNAS  TO  THE  CHARACTER  OP  THE  DEPOSITS. 

By  thus  disentangling  the  species  and  learning  their  habits  of  asso- 
ciation and  their  relations  to  the  sediments  in  which  they  were  buried, 
the  data  are  gathered  for  recognizing  the  faunas  in  other  localities  and 
in  dei)Osits  where  the  prevailing lithological character  maybe  so  unlike 
as  to  give  no  suggestion  of  a  common  horizon. 

In  the  more  eastern  section,  at  Cayuga  Lake  and  southward,  the  black 
shales  are  confined  almost  entirely  to  the  first  horizon  of  the  Genesee 
shale;  slight  traces  of  a  dark  but  no  black  shale  are  recognized  for  a 
few  hundred  feet  above.  A  rich  fauna,  the  Ithaca  fauna,  is  found  in 
that  section  before  the  termination  of  the  Portage  fauna,  but  in  its 
species  it  resembles  both  the  eastern  Hamilton  fauna  and  the  true 
Chemung  fauna.  The  study  of  its  species,  and  of  those  occurring  above, 
proves  that  it  represents  an  earlier  stage  than  that  of  the  Chemung 
fauna,  and  that  it  lies  helow  as  well  as  above  deposits  containing  the 
genuine  Portage  fauna. 

Id  the  more  western  section  of  Wyoming  and  Allegany  Counties  the 
black  shales  recur  frequently  above  the  Genesee  shales,  and  are  inter- 
leaved with  the  regular  Portage  shales  upward  for  a  thousand  feet  from 
their  base,  each  successive  stage  less  distinct  and  more  blended  with  the 
contained  sediments.  This  fauna  holds  on  till  after  the  appearance  of  the 
Portage  shales  and  its  fauna,  but  becomes  less  and  less  apparent  with 
each  recurring  stage  until  nothing  is  left  but  the  Sporangites^  which  was 
doubtless  an  efficient  cause  of  the  dark  color  of  the  shales.  Not  a  trace 
i8  seen  of  the  Ithaca  fauna.  The  Portage  shales  and  fauna  and  the 
black  shales  occur  in  alternate  deposits,  the  latter  prevailing  at  first 
and  the  former  being  more  prominent  in  the  upper  part  of  the  series, 
up  to  the  appearance  of  the  first  traces  of  the  Chemung  fauna. 

The  first  introduction  of  the  Chemung  fauna  was  associated  with 
the  deposition  of  the  gray  sandstones  generally  called  Portage  sand- 
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.  atones.  In  tlieir  typical  display  at  Portage  Falls  these  Bandstones  are 
barren  of  fossil  remaius.  But  in  traciog  the  Portage  rocks  upward  1 
liiid  !i  Rradnal  increase  iu  tliti  areuiiceoas  iagredieuta  of  tbe  sediments. 

.  The  Portage  tauua  belongs  to  the  argillaceous  deposits  and  in  tbe  upper 
p.irt  U  scarcely  ever  detected  except  in  some  thin  streak  of  soft,  gnjen 
slialu  interstrattfleil  with  the  more  common  tbin  bedded,  areuaceuati 
slialos.  The  arenaceous  shales,  by  tbe  dropping  oat  of  the  argillaceous 
streaks  as  we  ascend,  become  thin  sandstones,  which  increase  in  thiek- 
nei^K,  until  finally  at  tbe  top  we  have  thick,  massive  sandstone  separated 
by  barren  olive  shales.  These  sandstones  terminate  the  deposits  con- 
taining Portage  fossils  and  begin  the  series  of  tbe  Chemung  group.  In 
this  section,  too,  the  black  shales  reach  up  to  them  but  not  beyond.  It 
was  clearly  shown,  by  the  work  of  this  year,  that  tbe  Chemnng  fuuua 
coming  in  with  the  gray  sandstones  is  the  regular  successor  of  the  Port- 
age fauna,  and  that  the  black  shales  and  their  special  fauna  are  inde- 
pendent of  both  and  only  locally  occupy  the  position  in  the  series  here 
recorded. 

Farther  to  the  east  tbe  succession  of  the  Chemung  fauna  upon  the 
I'ortage  is  substantially  the  same,  but  tbe  black  shales  bad  entirely 
ceased  some  eight  hundred  feet  below  the  point  of  transition. 

RELATION  OF  THE  BLACK   SHALES  TO   THE  UPPER  PAUMAS. 

In  the  extreme  western  part  of  Wyoming  County  a  tbin  sheet  of  black 
sli.ile  was  found  immediately  under  the  first  sandstone  bearing  Spirifera 
disjunota,  an  nndoabted  representatiTe  of  the  Chemuug  Brachiopod 
fauna  (see  p.  49)  j  but  only  a  few  miles  farther  east,  at  Portage  Falls, 
tbe  first  sandstones,  although  following  pretty  closely  the  termination 
of  the  black  shales,  contain  no  trace  of  the  Chemung  fauna.  We  are 
led  to  believe,  therefore,  that  with  tbe  progress  of  the  Upper  DeTonian 
the  black  shales  were  gradually  withdrawing  westward,  and  that  the 
conditions  producing  them  were  independent  of  the  caases  prodacing 
the  argillaceous  and  sandy  shales  associated  with  the  Portage  and  Cbe- 
muDg  faunas. 

If  the  same  rate  of  withdrawal  of  the  black  shales  which  is  noted  on 
passing  from  Cayuga  Lake  to  Wyoming  County  continaea  on  passing 
farther  westward,  the  black  shale  should  be  expected  to  recur  above  tbe 
equivalents  of  the  Chemung  period,  or  even  above  couglomeratea,  as  we 
go  westward.  That  the  black  shales  of  Ohio  may  be  such  a  contiuoa- 
tion  of  the  shales  occurring  in  New  York  was  shown  by  the  presence  of 
the  characteristic  species  of  the  Cleveland  shale  of  Bedford  Ohio,  in 
the  genuine  G«nesee  black  shale  of  Wyoming  County. 

As  I  stated  in  a  preliminary  report,  an  abstract  of  which  has  already 

appeared  in  Science  (Vol.  II,  p.  S3G),  the  identity  of  the  two  faunas  Is 

not  necessarily  evidence  of  equivalency  of  horizon,  but  I  interpret  it 

rather  as  a  fauna  which  may  haVe  persisted  with  very  little  change  for 
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a  long  time,  possibly  during  the  greater  part  of  the  Devonian  age, 
although  as  yet  there  is  no  conclusive  evidence  that  the  fauna  of  the 
Marcellus  black  shale  was  identical  with  this. 

Future  study  may  show  the  Cleveland  shale,  at  Bedford,  Ohio,  to  be 
identical  stratigraphically  with  the  higher  recurrent  black  shale  beds 
of  the  Portage  of  Kew  York,  but  it  is  more  probable  that  the  fauna  per: 
sisted  with  little  change,  and  that  the  black  shales  were  being  depos- 
ited continuously  (though  not  continuously  in  any  one  particular  spot) 
in  the  great  interior  continental  basin  from  the  Middle  Devonian  to  the 
time  of  the  sub-Carboniferous  limestones.  Another  fact  brought  out 
by  these  studies  is  that  the  sandstones,  as  we  pass  upward  from  the 
time  of  the  reign  of  the  Hamilton  faunas,  changed  gradually  from  thin 
argillaceous  sandstones  or  arenaceous  shales  of  a  dark  color  and  flaggy 
Btrncture,  first  to  thicker  beds  with  less  clay,  then  into  purer  and  more 
massive  sandstones  with  slightly  coarser  grain  and,  of  a  lighter  gray 
without  fossils ;  and,  higher,  become  light  gray  sandstones,  calcareous 
and  generally  fossiliferous,  with  the  Chemung  fauna,  and,  pretty  gener- 
ally, more  or  less  saturated  with  petroleum. 

The  petroleum  odor  of  those  outcropping  on  the  surface  is  proportion- 
ate to  their  porosity  and  freedom  from  lime. 

PLACE  OF  THE  VENANGO  OIL  GEOUP. 

From  a  study  of  Mr.  I.  C.  White's  sections  of  Erie  and  Crawford  Coun- 
ties, as  given  in  Eeport  QQQQ,  Second  Geol.  Surv.  Pa.,  it  seems  more 
than  probable  that  his  Venango  oil  gronp  is  identical  with  these  Che- 
mung sandstones.  Comparison  of  their  fossils  alone  can  give  conclusive 
testimony  oii  this  point.  Mr.  White's  opinion  is  that  the  Panama 
conglomerate  is  equivalent  to  the  third  oil  sand  of  Venango  group  (see 
QQQQ,  Second  Geol.  Surv.  Pa.). 

Mr.  Carll  (in  Eeport  IIII,  Second  Geol.  Surv.  Pa.)  still  refuses  to 
accept  this  interpretation,  but  he  makes  no  positive  identification  and 
even  suggests  a  plane  of  non-conformity.  If  the  method  adopted  by  the 
Pennsylvania  ewrvey  were  capable  of  solving  this  intricate  problem,  the 
careful  and  mostindustrious  study  given  their  rocks  should  have  brought 
a  more  satisfactory  solution  than  we  at  present  have.  It  would  be  dif- 
ficult to  improve  upon  the  stratigraphical  data  already  accumulated. 

If  fossils  prove  as  satisfactory  in  the  more  western  deposits  as  they 
have  proved  in  the  New  York  Chemung  they  should  decide,  when  care- 
fully studied,  whether  a  portion  of  the  series  is  missing  or  whether  the 
geographical  change  alone  is  to  account  for  the  changed  faunas.  But  I 
reserve  opinion  until  I  can  compare  the  fossils  themselves  and  learn 
their  associations. 

STRATA  FOLLOWING  THE  CHEMUNG  FAUNAS. 

Above  the  Chemung  sandstones  appear  coarser  sands  with  occasional 
streaks  of  worn  pebbles,  the  larger  sizes  of  which  are  flat  and  of  a  still 
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lighter  gray  color.  They  show  decided  traces  of  iron  in  the  higher  beds, 
each  bod  begiuuiug  or  terminating,  or  lx>lh,  with  ferruginous  beds 
coruposed  of  clay  ironstoue  uodules  in  the  midst  of  the  sand.  As  these 
ferruginous  eandstODes  are  reached  the  Chemiiug  fauna  cornea  to  Uh 
cloae  and  another  seriea  of  deposits  liecomes  dominant,  which,  in  their 
purity,  contained  no  marine  fanuaa.  They  took  the  place  of  the  Ohe- 
mung  Borien,  but  are  not  Hharply  distinct  at  the  outset. 

lu  the  Allegany  County  Bcctiou  this  new  series  of  rocks  In>gau  down 
among  the  deposits  eoataiuing  theCliemnng  faunas,  first  as  thiu  streaks 
of  red  argillaceoas  shale,  a  little  below  the  first  gravel  Bandstones  and 
ferruginous  sandstones  and  conglomerates,  and,  at  the  sUige  of  the  loi- 
ter, the  red  beds  were  of  frequent  occurrence,  hut  rarely  over  a  foot  in 
thickness.  These  red  beds  were  apparently  the  continuation,  under 
changed  conditions,  of  the  olive  shales  of  the  Chemung,  which  contained 
a  fanna  differing  in  the  chara»!teri8tic  species  from  the  sandstones  iu- 
teratratifled  with  them.  At  lirst  the  red  beds  held  a  few  of  the  species 
of  that  fauna,  but  soon  lost  them  and  were  utterly  barren  at  every  later 
stDge  of  their  recurrence. 

InterstratiQed  with  the  red,  argillnceons  shales  and  apparently  taking 
the  place  of  the  sands  occurring  below,  we  fiiid  rather  coarse,  micaceous 
sandstones,  generally  very  evenly  bedded,  the  mica  grains  sometimis 
mingled  intimately  with  thesaud,  causing  a  loose  mealy  striictnre ;  at 
other  times  the  mica  grains,  almost  pure,  are  laid  out  in  thin  sheets, 
making  an  imitation  of  schistose  structure  or  forming  very  even,  tiiin 
nagging.  These  micaceoas  sandstones  have  no  fossils  and  aie  of  a 
gray  greea  to  a  dark  green  color,  and  when  weathered  are  often  pep- 
pered with  dark  brown  spots,  from  the  decomposition  of  minnte  fer- 
raginouB  grains. 

As  we  pass  npward  the  red  shales  are  more  freqnent  and  some  layers 
become  arenaceous,  so  that  the  mass  of  the  deposits  is  of  altematioufl 
of  red  argillaceous  shales,  red  arenaceous  shales  and  sandstones,  and 
green  micaceous  sandstones  and  shaly  sandstones. 

At  this  stage  some  of  the  beds  of  olive  sandy  sliale,  with  fewer 
and  smaller  grains  of  mica,  contain  large  scales  of  Holoptychius  and 
other  fish  remains,  and  ferruginous  sandstones  occnr,  with  a  restricted 
marine  fauna  which  appears  to  he  the  successor  of  the  Chemung  fauna ; 
and,  finally,  to  close  the  series,  a  thick  massive  conglomerate  appears, 
which, in  this  region,  is. called  the  Olean  Conglomerate,  composed  of 
coarse  silicious  sand  and  coarse,  rounded,  but  little  worn,  often  large 
sized  quartz  pebbles. 

It  will  be  seen,  in  this  brief  review  of  the  series  of  deposits,  that  tbe  red 
and  green  shales  and  sands  which  take  the  place  of  the  Chemung  group 
and  occnpy  the  interval  between  it  and  the  Oieau  Conglomerate  are 
the  equivalents  of  those  thickdepoaita  which  form  so  prominent  a  feature, 
in  the  eastern  part  of  N^ew  York  State  and  extend  southward  bciobb 
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PenDsylvania,  &c.,  where  tliey  are  kDOwn  as  the  Catskill  group.  They 
are  feebly  represented  in  the  western  part  of  Kew  York,  where  the  Up- 
per Devonian  is  best  represented.  The  thick  deposits  containing  De- 
vonian plants  at  St.  John,  Kew  Brunswick,  and  in  the  northeast,  are 
undoubtedly  a  northern  extension  of  the  same  series,  although  begin- 
ning at  a  much  earlier  stage  as  measured  by  the  progress  of  marine 
faunas. 

In  reganl  to  the  Gatskill  group,  my  studios  have  led  me  to  believe 
that  the  Gatskill  red  rocks  of  the  east  offer  evidence  of  having  been  con- 
temporaneous with  a  great  portion  of  the  Upper  Devonian  rocks,  and  a 
comparison  of  faunas,  at  least,  goes  to  show  that  the  base  of  th^  red 
beds  does  not  form  a  definite  and  uniform  horizon.  Influenced  appar- 
ently by  the  contrary  opinion,  Professor  White  makes  a  provisional  up- 
per limit  for  the  Chemung  group  of  Columbia  County,  Pennsylvania,  at 
the  lowest  red  rock,  and  calls  the  interval  between  this  point  and  where 
the  ffoloptychius  appears  the  ChemungCatskill.  (See  Second  Geol. 
Surv.  Pa.,  G^,  p.  63.) 

THE  INTERPRETATION  OP  THE  PACTS. 

Taking  the  faunas  as  our  criteria  of  chronological  horizon,  it  seems 
more  appropriate  to  speak  of  the  red  beds  as  appearing  farther  down  in 
the  Chemung  group  than  to  make  a  break  in  the  series  long  before  any 
permanent  effect  was  produced  upon  the  character  of  the  faunas. 

The  interpretation  given  by  the  English  geologists  of  the  Devonian 
and  Old  Red  Sandstone  series  is  relevant  here.  The  Old  Red  Sand- 
stones, with  their  brackish  water  fish  fauna  and  plants,  are  not  suc- 
cessors of  the  Devonian  beds  with  marine  fauna,  but  are  the  equivalents 
of  the  whole  series  from  the  base  to  the  top  of  the  Devonian. 

The  Bussian  series  clearly  illustrates  this  point.  Alternation  is  there 
seen  of  the  two  classes  of  deposits,  the  one  containing  the  Devonian 
marine  fossils,  the  other  the  sandy  brackish  water  beds  with  the  Ho- 
laptychiusj  even  in  association  with  the  marine  brachiopods  of  Upper 
Devonian  species. 

As  we  follow  our  Devonian  series  eastward,  either  in  Ke\v  York  or 
in  Pennsylvania,  the  lower  position  of  the  first  red  beds  is  conspicuous, 
and  so  long  as  the  red  sediments  occupied  the  ground  only  temporarily 
we  may  suppose  the  marine  conditions  were  not  entirely  cut  oil',  and 
slight  oscillations  drove  away  and  brought  back  the  marine  fauna  over 
any  particular  area,  but  when  the  marine  conditions  were  finally  shut  off 
there  was  a  termination  of  the  marine  fauna.  This  shutting  off  of  the 
sea  took  place  earlier  in  the  eastern  than  in  the  western  part  of  this  New 
York-Pennsylvania  area,  and  there  is  reason  to  believe  that  in  Sullivan 
County,  New  York,  it  was  as  early  as  the  reign  of  the  Ilaniilton  faunas. 
(This  was  shown  to  be  a  fact  in  Chenango  and  Otsego  Counties  by  in- 
vestigations in  1885.  Communicated  to  Am.  Asso.  Adv.  Sc.  meeting  at 
Ann  Arbor,  Sept.,  1885.) 
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The  Hotf^tychius  evidently  found  its  congenial  bnbitat  tu  tbe  miilHt 

of  the  red  rock  conditions.     Its  occasional  appearance  in  strata  beluiv 

tbc  termination  of  the  Chemung  fauna  is  ratlier  confirmatory  evidence 

<tf  tlio  actusil  presence  in  other  geographical  areas  of  those  conditions 

from  nhich  the  specimens  strayed  than  evidence  of  any  higher  horizou 

than  that  indicated  by  the  same  faunas  elsewhere. 

I       In  the  Western  New  York  area  the  gradual  appearance  of  Cat«kiII 

I  deposits  was  due  to  the  encroachment  of  the  land  and  freah  water  con- 

,  dilions  upon  the  marine  basin  in  which  tbe  Chemung  faunas  flourished. 

'  Xhe  Chemung  faunas  continued  to  live  there  so  long  as  the  marine  eon 

ditions  were  suffidcntly  pure  to  maintain  their  life,  and  I  take  it  that 

Hbere  is  nothing  inconsistent  iu  the  view  that  Catskill  rocks  were  being 

deposited  in  the  Appalachian  region  at  the  same  time  that  Chemung 

,  rocks  were  being  formed  over  Western  Sew  York  areas  and  during  the 

reign  of  the  Chemung  faunas. 

I       As  the  fossil  faunas  were  traced  upward  iu  their  successive  stages,  it 

I  was  ascertained  that,  besides  the  changes  occasioned  by  the  dropping 

out  of  some  species  aud  the  introduction  of  new  species,  the  decreased 

(abundance  of  common  forms,  or  the  increased  abundance  of  otiiers,  there 
irns  also  a  change  in  the  dominant  varietal  modification  of  the  more 
[Common  forms.  Detailed  report  of  these  modifications  coincident  with 
range  aud  distribution  will  be  more  satisfactory  after  a  wider  territory 
I  lias  bet^n  examined  and  a  fuller  series  of  species  and  specimens  huA 
■  been  brought  into  comparison.  But  already  some  general  remarks  can 
be  made  as  to  tbe  kind  of  changes  detected. 

In  one  species,  Spiri/era  mesocostalu,  ranging  from  tbe  base  of  the 
Ithaca  group  high  up  into  the  Chemung,  a  great  modiflcatioa  of  form 
and  size  was  observed.  The  prevailing  type,  at  its  earliest  appear- 
ance, was  smalt  and  with  fine  mucronate  extension  of  tbe  are:ij  the 
later  type,  which  was  more  abundant  in  the  western  than  in  the  eastern 
section,  was  large  and  coarsely  plicate,  with  greiit  extension  of  the 
ftout,  and,  though  with  short  mucronate  binge  area,  this  feature  is  not 
prominent  aud  this  dimension  of  the  shell  is  prominently  short.  More- 
over, while  the  later  modification  is  wanting  in  the  earlier  faunas,  the 
earlier  type  still  exists  in  the  later  faunas,  but  is  relatively  rare.  A 
study  of  the  species  from  a  wider  geographical  territory  will  be  required 
in  order  to  determine  bow  much  these  modifications  are  the  effects  of 
geographical  conditions. 

One  modification  of  this  species  was  found  -to  be  entirely  uoincident 
with  geological  range  in  the  collections  at  command.  This  is  tbe  grad- 
ual appearance  and  final  prominence  of  a  median  keel  dividing  tbe 
muscular  impressions  within  the  beak  of  the  ventral  valve.  As  this  is 
one  of  the  characters  distinguishing  the  genus  Spiriferina,  it  is  interest- 
ing to  note  its  gradual  assumption  as  a  purely  varietal  character  of  tui 
undoubted  Spirifera.  This  character  is  represented  in  Figs.  10  aud  11 
of  Plate  40,  Geol.  Surv.  N.  Y.,  Pal.,  Vol.  IV,  Pt  I,  and  slightly  iu  Fig. 2. 
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]  have  examined  a  large  number  of  specimens,  but  among  the  earlier 
representatives  from  the  Ithaca  group  rarely  is  even  a  trace  of  tins  char- 
acter seen;  an  occasional  specimen,  however,  shows  a  slight  ridge  divid- 
ing the  mnscnlar  impressions.  In  the  higher  beds  it  takes  the  form  of 
a  strong  median  septum,  but  is  less  prominent  in  the  small  form  associ- 
ated with  the  prevailing  type,  but  rare  at  that  i)articular  stage.  Other 
representatives  of  the  genus  presented  traces  of  the  septum  at  an  ear- 
lier stage. 

Another  change  in  type  associated  with  the  geological  range  of  the 
species  is  seen  in  the  case  of  Or  this  impressa.  In  the  lower  part  of  the 
Upper  Devonian  (base  of  the  Ithaca  group)  it  differs  little  from  the 
round,  narrow  form  of  0.  Tulliensis;  in  its  later  stage  it  is  particularly 
wide  at  the  front,  with  a  wide,  pronounced  fold  and  sinus,  and  of  large 
size. 

The  lAngulds  of  the  black,  and  later  greenish,  argillaceous  shales  pre- 
sent a  regular  series  from  the  minute  Lingula  spatul^fa  of  the  black 
Genesee  shales,  through  intermediate  forms,  to  the  typical  Lingula 
Melie  of  the  Ohio  black  shales.  In  this  area  the  larger  form  is  attained 
at  an  early  stage  of  the  Upper  Devonian  faunas. 

So  far  as  at  present  observed,  these  varietal  modifications  of  a  specific 
type  are  at  first  represented  by  a  few  rare  forms  in  the  midst  of  abundant 
individuals  of  the  typical  form;  and  as  we  go  upward  the  characteristic 
feature  becomes  conspicuous  by  being  assumed  by  a  greater  proportion 
of  the  individuals  of  the  species,  and  finally  becomes  the  prevailing 
form,  the  original  type  then  appearing  only  as  an  occasional  variation. 

A  few  facts  brought  out  in  the  course  of  these  studies  may  be  noted 
in  closing  this  chapter. 

The  vertical  fuoaid  markings,  as  they  are  called,  in  the  Portage 
sandstones  and  similar  sandstones  above,  are  evidently  the  borings  of 
some  kind  of  worm  or  boring  animal;  and  these  markings,  whatever 
they  were,  characterize  the  Chemung  sandstones  of  the  Allegany 
County  section  up  to  the  conglomerates  of  flat  pebbles.  Above  this 
point,  and  often  in  the  sandstones  associated  with  the  fiat  pebble  con- 
glomerates, a  similar  marking  is  seen  in  some  of  the  sandstone  layers; 
but  the  size  of  the  boring  is  always  smaller  and  shorter,  generally  about 
half  as  large  in  diameter,  and  the  borings  are  arranged  much  more 
closely  together.  So  that,  although  the  organism  forming  them  may 
have  been  of  a  similar  nature,  the  upper  one  was  undoubtedly  of  a  dis- 
tinct species.  This  fact,  we  think,  may  help  in  tracing  the  horizon  of  the 
upper  fucoid-bearing  sandstones  (as  a  name  for  which  I  would  suggest 
V^eriicalis  sandstones)  toward  the  west,  where  the  fossils  are  rare. 

Also,  on  comparing  our  Allegany  section  with  those  of  JMcKean 
County,  Pennsylvania,  it  appears  more  than  probable  that  what  Mr. 
Asbburner  calls  the  sub-Olean  conglomerate  is  the  equivalent  of  the 
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ferruginoas  sandstone,  which  approaches  very  near  the  base  of  the 
Olean  conglomerate,  both  at  Olean  and  at  Little  Genesee,  rather  than 
the  Allegany  County  flat  pebble  conglomerate,  which  is,  more  likely, 
represented  at  a  similar  position  at  Bradford  below  Holoptychius  beds, 
but  above  the  appearance  of  the  Chemung  faunas,  and,  on  Mt.  Ilaub, 
was  recognized  some  three  hundred  feet  below  the  Conglomerate  in  the 
outcroppings  on  the  surface. 

At  flomellsville,  about  half  way  between  the  Western  New  York 
section  and  that  running  through  Ithaca,  in  Tompkins  County,  was  seen 
a  remarkable  confirmation  of  the  hypothesis  advanced  in  regard  to  the 
position  of  the  Ithiica  fauna.  Here  was  found  exposed  a  section  at  the 
point  of  transition  from  the  Portage  to  the  Chemung  fauna.  The  gray 
shales  carrying  the  Portage  fauna  are  preceded  by  a  streak  of  black 
shale  like  the  last  rei>resentAtives  at  Porttige.  With  the  Portage  Car- 
diola  fauna  was  found  the  first  Chemung  stage  of  Spirifera  mvsocostaliSj 
with  an  OrthU^  not  the  species  common  in  the  more  western  section,  bat 
the  Orthis  Tioga  of  the  "Chemung "of  the  Cayuga  meridian.  Imme- 
diately following  the  Cardiola  fauna,  in  shales  more  sandy  and  ferrugi- 
nous in  character,  was  seen  the  fauna  of  the  lowest  Chemung  at  Bush- 
ford,  the  Leiorhynchua  fauna,  with  the  exception  that  the  eastern  Orihis 
took  the  place  of  the  common  form  of  the  Allegany  rocks.  This  was 
followed  above  by  more  sandy  deposits,  containing  the  typical  Che- 
mung faunas.  The  altitude  and  the  rocks  exposed  along  the  railroad 
all  the  way  to  Elmira  leave  no  doubt  of  a  position  stratigraphically 
between  six  and  eight  hundred  leet  above  the  horizon  of  the  Ithaca 
group  at  Ithaca.  The  transition  from  the  C«rrZ/o/a  fauna  directly  to 
the  lowest  Chemung  fauna  is  also  unmistakable,  and  the  OrthisTioga  is 
evidence  of  the  genuine  Chemung  fauna  of  the  eastern  section  as  dis- 
tinguished from  the  lower  Ithaca  fauna. 

It  furnishes  evidence,  therefore,  that  the  transition  from  the  Portage 
to  the  genuine  Chemung  formation  is  far  above  the  Ithaca  group,  and 
th:it  the  fauna  of  the  hitter  is  an  earlier  stage,  and  intermediate  between 
the  Chemung  and  the  Hamilton,  and  has  no  representative  in  the  :?ec" 
tion  in  Wyoming  and  Allegany  Counties. 
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CHAPTER  II. 

FAUNAS  OF  THE  GENESEE  SHALE  AND  THE  PORTAGE  GROUPS. 

Tho  exposures  of  tLe  Genesee  shale  are  noticed  first,  on  going  south- 
ward, along  the  northern  line  of  Wyoming  Goanty,  and  most  of  the  cx- 
l)08ures  in  the  middle  and  southern  part  of  the  county  are  of  the  Portage 
group. 

These  include  the  following  stations :  468  Attica,  471  Warsaw,  472 
Varjsburg,  473  Bennington,  including  473  A,  the  Daubree  quarry,  and 
473  B,  the  section  at  Sierk's  station,  and  475  Java. 

Attica,  Wyoming  County,  N.  T.~468. 

Attica  is  situated  10  miles  a  little  west  of  south  from  Batavia.  After 
leaving  the  limestone  ridge  there  are  few  if  any  good  exposures  of  rock 
directly  south  until  near  Attica,  where  the  first  traces  of  the  lihmk  Gene- 
see shale  appear. 

The  Tonawanda  Greek  runs  directly  through  the  town  of  Attica,  but 
below  this  point  it  runs  through  clay  and  gravel  banks  until  reaching 
the  limestones  of  the  northern  towns.  The  creek  is  dammed  just  under 
the  railroad  bridge;  the  altitude  of  the  railroad  at  this  point  is  about 
a  thousand  feet  (998)  above  the  sea.  Tho  bed  of  the  creek  below  tho 
bridge  is  black  shale-^a  fine  exposure  of  tho  Genesee  shale.  The  dam 
covers  its  top,  but,  taking  the  railroad  bed  as  a  datum,  I  estimate  that 
the  top  of  the  Genesee  shale  at  this  point  is  not  far  from  975  feet  above 
tide  level. 

The  bottom  is  not  exposed;  hence  the  thickness  cannot  be  given. 

Several  exposures  were  examined  in  and  about  Attica,  giving  sections 
468  A,  B,  0,  D,  E,  and  F.  A  combination  of  these  several  sections  gives 
QS  a  very  fair  representation  of  the  general  character  of  the  base  of  the 
Upper  Devonian  for  this  region. 

The  Genesee  shale  is  a  black  bituminous  shale,  when  freshly  broken 
giving  out  a  strong  odor  of  petroleum,  and  with  dark  brown  scratch. 
It  is  very  evenly  bedded,  compact,  and  when  fresh  from  the  quarry  is 
massive,  with  a  conchoidal  fracture.  Upon  weathering  it  becomes  more 
fissile,  but  is  generally  a  very  fine  uniform  shale,  withstanding  the 
weather  a  long  time  without  showing  tendency  to  fissile  cleavage.  It  is 
seen  best  in  468  B.  The  fauna  of  this  exposure  (468  B)  of  the  Genesee 
black  shale  is  as  follows : 

Lingula  spatulata^  varying  from  the  minute,  sharp  beaked  form  charac- 
teristic of  the  Genesee  shales  to  the  wider,  more  oval  form  of  the 
Cleveland  shales,  Bedford,  Ohio,  called  L.  Melie  and  L,  subspatu- 
lata  by  Ohio*  paleontologists. 
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SporangiteSy  the  same  forms  as  those  of  the  Ohio  black  shales. 

Conodont  teeth,  identical  with  and  including  the  majority  of  fonns  fig- 
ured by  Professor  Newberry  in  Eep.  Geol.  Surv.  Ohio,  VoL  n, 
rt.  II,  Pal.,  PI.  LVII. 

PaUtoniscus  scales. 

This  fauna,  therefore,  agrees  closely  with  that  of  Professor  Newberry's 
Cleveland  shale  of  Bedford,  Ohio.  The  broader  variety  of  the  LinguUu 
is  not  only  plainly  a  mere  variation  of  the  typical  Lingula  gpatulata^  but 
is  quite  indistinguishable  from  specimens  of  the  Lingula  of  the  shales 
at  Bedford,  Ohio,  with  which  I  have  carefully  compared  it.  The  Bed- 
ford specimens  are  generally  of  larger  size,  but  those  of  the  same  size 
agree  in  form,  convexity,  and  surface  markings  for  the  two  localities. 

In  the  olive  shales  underlying  the  Cuba  sandstones  are  ^e/exi  LinguUu 
which  agree  also  in  average  size  with  the  ordinary  L.  Melie  of  Ohio. 

The  close  agreement  in  the  species  and  in  the  combination  of  species  in 
these  two  zones  leads  us  to  the  opinion  that  we  are  dealing  with  the  same 
fauna  in  the  black  shales  of  Genesee  in  New  York  and  at  Bedford  and 
Chagrin  Falls  in  Ohio,  although  the  evidence  has  not  appeared  to  prove 
that  the  horizons  themselves  are  synchronous. 

The  Genesee  shale  is  followed  by  a  soft  argillaceous  green  shale,  with 
Portage  fossils.  Toward  the  upper  part  there  are  some  calcareous  layers 
and  an  occasional  thin  layer  of  arenaceous  shale.  Then  comes  a  second 
black  shale,  which  is  again  followed  by  greenish  shales ;  this  by  another 
black  shale,  and  so  on  for  at  least  several  hundred  i^^^{. 

It  is  an  oscillation  between  two  principal  types  of  deposit,  each  of 
which  becomes  gradually  modified  in  the  same  wa}^  as  we  ascend  the 
series : 

First,  the  black  shale  in  its  i)ure  condition  seen  in  the  Genesee  shale. 

Second,  the  green  argillaceous  shale  characteristic  at  the  base  of  the 
Portage. 

These  two  alternate  with  each  other,  and  with  each  change,  as  we  as- 
cend, the  green  shale  increases  and  the  black  shale  decreases  in  amount. 
The  black  shale  at  each  stage  of  its  reappearance  is  more  arena- 
ceous, assumes  a  decided  iron  stain  upon  weathering,  and  also  weathers 
quickly  to  fine  fissile  chips,  ^vhicll,  in  the  lower  beds,  long  resist  further 
disintegration,  but  in  the  upper  beds  have  not  the  power  of  resistance 
and  soon  are  reduced  to  soil.  In  the  first  reappearance  of  black  shale 
above  the  Genes(»e  shales  there  is  still  a  strong  petroleum  odor  upon 
fresh  fracture,  and  when  fresh  from  the  quarry  the  appearance  of  the 
shale  is  black,  massive,  capable  of  conchoidal  cleavage,  and  scarcely 
distinguishable  from  the  Genesee  shale  below.  JJut  upon  weathering  it 
quickly  reveals  the  pres(»nce  of  inequality  in  the  minute  constitution  of 
the  deposit,  causing  it  to  cleave  into  thin  flakes.  These  first  Portage 
black  shales  exhibit  tlu^r  relation  to  th(^  Genesee  shales  below  bv  the 
j)resence  of  the  same  fossils. 
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Lingula  spatulata  was  taken  from  the  black  shale  fully  100  feet  above 
the  Genesee  shale,  separated  from  it  by  the  green  argillaceoos  shales 
with  a  characteristic  Portage  fauna. 

Higher  up  the  black  shales  rarely  contain  a  single  fossil.  The  green 
shales  show  the  same  gradual  change  from  soft,  fine,  argillaceous  mate- 
rial to  coarser,  more  arenaceous,  and  more  irregular  strata ;  in  the  upper 
part  the  sandstone  masses  are  interstratified  with  the  softer  argillaceous 
shales.  There  is  also  a  change  in  the  color ;  the  lighter  green  shales 
are  more  prominent  in  the  lower  part,  and  the  black  shales  lose  their 
color  on  going  upward,  till  finally  they  are  scarcely  distinguishable 
from  the  accompanying  arenaceous  shales  of  the  Portage  group. 

408  D  is  a  cut  in  a  gorge  southeast  of  the  village  of  Attica,  about  two 
miles  distant.  The  first  rock  exposure  of  the  cut  is,  approximately, 
1,200  feet  above  sea  level.  Stratigraphically  it  begins  somewhat  above 
the  top  of  468  C^,  perhaps  over  100  feet.  But  468  E  is  below  its  base 
and  represents  the  intervening  part  of  the  section,  although  it  is  diffi- 
cult to  determine  the  precise  equivalency  of  the  individual  strata  in 
the  several  ravines.  The  strata  are  composed  of  alternating  masses  of 
black  and  soft  green  shales.  The  lower  part  of  the  series  presents  thicker 
masses  of  black,  and  as  we  go  up  the  black  shales  are  less  strongly 
marked,  more  arenaceous,  and  each  succeeding  mass  is  thinner  than 
the  preceding. 

The  cut  468  D^  to  D^^  represents  something  over  200  feet  of  strata 
and  at  the  top  the  green  shales  entirely  replace  the  black.  D^  is  the 
lowest  seam  of  black  shale  in  this  cut;  it  is  very  similar  lithologically 
to  the  first  black  seam  above  the  true  Genesee  shale  and  is  but  a  few  feet 
thick ;  its  termination  is  not  exposed,  but  when  the  next  exposure  ap- 
pears in  the  bed  of  the  stream  it  is  the  gray  green  shale  again ;  it  con- 
tains Sporangites  and  PaUvanicus  scales,  but  no  Lingulas  or  Discinw 
were  discovered.  D^  is  a  gray  shale,  rather  massive  and  h<ard,  followed 
by  a  second  black  shale  containing  Sporangites.  A  little  higher,  D',  gray 
shales  predominate,  but  with  thin  layers  of  dark  shale,  not  so  black  as 
those  below ;  but  along  in  this  part  of  the  cut,  for  100  feet,  the  light 
gray  green  shales  carry  Sporangites  and  Styliola,  the  former  very  dis- 
tinct in  the  light  colored  strata.  In  D'^  are  some  soft,  argillaceous,  light 
gray  green  shales,  still  showing  traces  of  Sporangites.  Styliola  also  ap- 
pears in  the  soft,  light  shales  at  I)^  At  D«  the  thin  black  layers  are 
conspicuous  again  and  hold  Sporangites^  but  the  gray  soft  sliales  prevail 
and  carry  the  saine  fauna.  At  D^  the  black  layers  have  disappeared, 
and  from  this  point  upward  only  dark  bluish  strata  alternate  with  the 
prevailing  gray  green  shales.  In  the  darker  parts  Sporangites  are  occa- 
sionally seen.  With  the  ceasing  of  the  black  streaks  the  Portage  fauna 
begins  to  reappear.  Small  aviculoid  shells  and  Cardiola  speciosa  are 
the  first  to  bo  recognized  at  D^,  with  Styliola.  At  1)'"  the  shales  arc. 
light  olive  in  color  and  soft,  argilliiceous,  and  (juickly  weathering  into 
soil ;  in  this  stratum  Cardiola  speciosa  is  conspicuous ;  Ptcrinopectai 
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AttiCKS,  n.  e.,  Leperditiw,  the  broad  variety  of  Liagula  spatulata,  a  small 
imperfect  Plewrotomarin,  a  crinoid  stem  hulf  a  centimeter  in  diameter, 
ami  a  miuute  Chnnelcs  lepida  constitute  the  fauna,  so  far  aa  discovered. 
A  little  higher,  D'°>*,  the  shales  are  decidedly  arenaceous,  and  from  there 

I  to  the  toil  of  the  gorge  the  shales  are  harder  and  coarser  and  the  olive 
tints  are  replaced  by  bluish  and  darker  grays.  At  D"  Cardiota  specima 
appears  with  a  Ilyalithes  and  Qoniatites  and  some  new  forms.  All  the 
species  of  this  cut  are  small,  delicate  forms,  and  are  nowhere  abundant, 
but  require  very  close,  oarefal  search  for  their  discovery.     Enough, 

I  however,  was  found  to  demonstrate  the  general  relation  of  the  faunas  tu 
the  deposits  coutaiaing  them. 

It  is  evident,  from  a  study  of  this  series  in  connection  with  468  A,  B, 
and  C.  that  the  deposits  from  the  base  of  the  Genesee  shale,  for  several 
hundred  feet  at  least,  are  the  result  of  oscillating  conditions  which 

,  brought  from  one  direction  the  black  muds,  highly  tiitumiuons  in  nat- 
ure, and  from  another  direction  light  gray  muds,  at  first  very  fine  and 
argillaceous  and  later  mixed  with  coarser,  silicious  particles. 

The  ralaoniscuK  scales  are  peculiar  to  the  black  shales.  The  Sporan- 
^eN,although  characteristic  of  the  black  shales,  are  not  confined  to  them 

.  aolongas  they  were  in  the  ncigbborhoo<I,  as  is  shown  by  their  occurrence 

I  in  the  light,  argillaceous  shales  interstratified  with  them,  hut  when  the 

black  shales  finally  withdrew  from  this  locality  the  Sparangiten  oeased. 

The  Lingula  spatulata  is  peculiar  to  the  soft,  argillaeeous  deposits,  most 

abundant  in  the  bituminous  shales,  and  there  typically  represented  j  in 

the  light  colored  shales  only  the  broad  and  larger  variety  appears. 

The  other  species,  the  CariHola  speeiosa,  the  Avicvlas,  the  Pleurotoma- 
ria,  the  Ckonetet,  the  Leptodesma,  the  Byolithes,  and  the  Qonialite*,  be- 
long to  the  fauna  of  the  gray  shales,  rare  in  the  pure,  argillaeeoos  sedi- 
ments, but  more  abundant  as  the  silicious  and  coarser  muds  were  depos- 
iting. 

I^ferdiiia  and  Styliola  may  have  been  common  to  both  faunas ;  the 
fonner  was  rare.  Other  evidence  shows  the  latter  to  be  more  abandant 
in  the  black  shales. 

The  GardiolB  Fanns— 468  A. 

The  following  species  have  been  identified  in  the  soft,  argillaceons 
shales  at  the  base  of  the  Portage: 
Cardiola  ipeciosa,'  abundaut. 
Styliola  figsurella,  abundant  in  some  layers. 
Ooniatites  uniangularis  Coniad   several  specimens,  smalL 
Gonuitites  comptanatus. 
Lunulicardium  fragile. 
Lunulicardium  levU,  n.  sp. 
Coleolua  acisula. 

■  The  generic  name  Glyptocorrfia  has  beeu  proposed  fur  this  well  known  apeoiMb; 
/■ro/easorJames  Hall  (1885).     (See  Pal.  N.  Y.,Vol.  V,  Ft.  I,  Laiiiell.  II,  p.  xikt.) 
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SporangiteSj  rare. 

Idngula  spatulatay  the  broad  variety,  a  single  specimen. 
Pleurotomaria  f  capillariaj  fragments. 
'  Leperditia^  sp.,  a  few  impressions.  ^ 
Aptychus  of  Ooniatitesf  of  (7.  uniangularis. 

Aptychua  f  or  SpathiocariB  f  (Clark),  fragments  marked  like  8.  Emer- 
soni^  bat  broken  so  that  the  shape  is  not  shown. 

In  similar  shales,  bat  calcareoas  (C^),  there  are,  besides  the  Cardiola^ 
CalceolUj  and  Styliola^  which  are  the  more  fireqaent  forms,  a  small  Orthoc- 
eras  and  a  Palceoniscus  scale  of  larger  size  than  those  in  the  black  shales ; 
in  another  exposare,  a  smMLoxonema  f ,  not  preserving  the  exterior,  bat 
resembling  the  terminal  portion  of  L.  delphicola.  The  Styliolas  often 
occur  in  elongated  masses,  which  weather  a  yellowish  brown  from  iron 
stain,  and  the  shai>e  of  the  masses  suggests  a  possible  coprolitic  origin. 

DESCBIPTION  OF  TWO  NEW  LAMELLEBBANOHS. 

Pterinopecten  t  AttUsuSj  n.  sp.    Plate  III,  Figs.  10, 11. 

This  is  a  small  species,  with  sabquadrate  form,  hinge  line  straight 
and  shorter  than  the  greatest  width  of  shell,  ears  small  and  indistinctly 
defined.  The  middle  portion  of  the  surface  marked  by  irregular,  rounded, 
radiate  folds  or  plications,  which  bifurcate  and  are  more  conspicuous 
toward  the  front;  the  sides  are  either  smooth  or  faintly  marked  by  fine 
radiate  striae.  Concentric  lines  of  growth  are  apparent  over  the  whole 
surface,  but  not  strong.  The  beaks  are  prominent,  slightly  arching  over 
the  hinge  margin.  The  wing  is  not  produced  into  a  mucrouato  point, 
as  in  most  of  the  Pteriuopectens,  nor  is  it  shortened,  as  in  the  Lyriopec- 
tens.  The  anterior  ear  is  separated  by  a  rounded  sulcus  and  fold,  but 
is  not  sharply  defined.    The  posterior  wing  is  much  as  in  Lyriopecten. 

Dimensions  of  medium  sized  specimen:  Length,  6.5"'";  width,  5.4"". 

Horizon  and  locality :  The  soft,  green  shales,  Middle  Portage  group, 
Attica,  N.  Y. 

Specific  name  from  Attica:  Lat.  atticttSj  dwelling  in  Attica. 

Ptychopteria  t  mesocostaliSy  n.  sp.    Plate  III,  Fig.  9. 

A  small  pterinoid  shell,  obliqae,  similar  in  form  to  some  of  the  smaller 
sliells  of  Hall's  genus  Ptychopteria  (see  P.  Proto.j  Geol.  Surv.  N.  Y., 
Pal.,  Vol.  V,  Pt.  I,  PL  XXIII,  Lamell.  I),  but  marked  across  the  middle 
by  irregular  rounded  radiate  folds,  the  sides  by  faint  and  finer  radiate 
strise.  The  anterior  wing  separated  by  a  sulcus  and  fold,  the  poste- 
rior wing  moderate,  without  mucronate  extension,  the  ventral  margin 
slightly  concave  and  posteriorly  broadly  rounded  into  the  posterior 
margin.    With  concentric  rounded  lines  of  growth. 

In  its  details  this  shell  is  marked  almost  exactly  as  the  erect  forms, 
found  in  the  same  rocks,  which  I  have  called  Pterinopecten  Atticus.  I  do 
not  find  intermediate  forms.    The  only  definable  difference  could  be  ac- 
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counted  for  Ijy  tlie  development  of  this  shell  more  obliquely  and  rapidly 
.  In  the  direction  of  its  nmbonal  ridge. 

I  am  constrained,  aft^r  mucli  study  of  the  material  at  hand,  to  r«.g!ud 
I  the  BitecimeDS,  like  Fig.  12,  as  a  smoother  and  extreme  variety  of  this' 
,   species,  although  this  would  be  more  appropriately  called  a  Leptoclesma, 
I  except  for  the  radiate  stri;8  of  the  surface.    Th  eae  three  forms,  Bgured 
as  0, 10, 11,  and  12  of  Plato  III,  could  bo  taken  as  types  of  three  species, 
and  even  three  diatiact  genera  if  we  were  to  follow  some  of  the  modern 
usages  in  describing  them.    M''hile  I  refer  them  provisionally  to  t\To  dis- 
tinct genera  I  believe  that  they  are  closely  allied,  and  that  they  Bhoald 
I  all  bo  included  in  the  same  genus,  but  that  genus  is  neither  of  those 
■  named  as  they  are  now  defined,  but  should  be  bounded  by  different 
characters.    The  present  classilicatiou  of  Pterinea  Ijoldfuss  into  the 
I  genera  Aotinopteria  and  Ptgckopttria  on  the  one  side  and  Leiopteria  and 
Leptodesmn  on  the  other,  used  in  the  fifth  volume  of  the  Palaeontology  of 
New  York,  leaves  practically  no  characters  for  the  differentiation  of  the 
species  concerned,  except  those  of  contour  and  general  form,  and  when- 
ever I  have  seen  these  sitccies  in  abundance  in  the  same  localitj*  the 
variations  iu  both  of  these  particulars  are  so  considerable  that  it  is  diffi- 
cult to  believe  that  the  division  into  so  many  species  as  are  defined 
ia  cither  judicious  or  will  be  of  auy  use  to  science  further  than  giving 
a  thoTOugh  illustration  of  the  plasticity  of  this  type  of  shells.     At  a 
future  time  I  hope  to  discuss  this  subject  more  fully. 

ffonsaw,  Wjoralug  Coonly,  N.  Y.— 171, 

Tills  station  is  ten  miles  southeast  of  Attica  (lOS)  and  nine  miles  east 
of  Varysburg  (472).  The  town  is  in  a  valley  with  hills,  both  east  and 
west,  rising  over  three  hundred  feet.  The  altitudes  are,  for  the  New  Yofk, 
Lake  Erie  and  Western  Kailroad  station,  1,326  feet  above  tide;  for  tJie 
Buffalo,  Rochester  and  Pittsburgh  Kailroad,  on  the  west  side  of  valley, 
1,117  feet  above  tide.  The  post  of^ce  is  reported  by  surveyors  of  the 
place  to  be  1,017  feet  above  tide.  The  hillsides  are  cut  by  several 
ravines,  exposing  two  or  three  hundred  feet  of  rock  outcrops. 

CrrstHl  Brook,  Warsaw.— J7I 1. 

This  ravine  cuts  down  the  bilbide  a  little  northeast  of  the  village. 
The  first  rocky  exposures  may  be  1,050  feet  above  tide,  and  they  were 
examined  upward  about  two  hundred  feet,  to  the  first  solid  sandstone 
under  the  Kew  York,  Lake  Erie  and  Wcsteru  Railroad,  at  an  altitude  of 
approximately  l,25Ufeet. 

The  whole  exposure  is  composed  of  thin  bedded  deposits  of  argillaceous 
and  arenaceous  shales,  with  occasionally  a  stiff,  thin  scam  of  flaggy 
sandstone.  The  prevailing  colors  are  blue  gray  near  the  bottom ;  the 
softer,  more  fissile  shales  are  more  greenish  or  olive.  T  he  general  char- 
acters resemble  very  closely  those  of  468  D,  with  the  exception  of  the 
absence  of  black  shales,  ^o  sandstone  strong  enough  to  form  any  con- 
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siderabld  fall  is  met  with  till  we  reach  the  top,  and  this  seam  is  gray, 
bat  finer,  harder,  and  more  flaggy  than  the  typical  Portage  sandstones. 
It  is,  however,  calcareoas.  No  traces  of  the  Vertiodlis  borings  were  seen. 
Underlying  it  are  some  soft,  greenish  shales,  some  layers  of  which  are 
nodnlar.  Under  these  are  darker  bine  shales  bearing  the  same  fanna 
fpand  in  the  upper  part  of  4G8  D. 

Omitting  the  consideration  of  the  black  shales  and  comparing  the 
general  character  of  the  deposits  and  their  faftina  (that  is,  the  olive 
shales  gradually  changing  into  bluish  and  more  arenaceous  deposits, with 
flaggy  and  wave  marked  structure, as  we  ascend),!  should  regard  the 
base  of  this  section  as  occupying  a  stratigraphic  position  somewhat 
higher  than  the  top  of  section  4G8  D. 

The  avicnloid  shell  Pterinopeoten  AtticuSj  abundant  at  468  D^",  at  an 
altitude  of  1,340  to  1,350  feet,  is  identical  with  the  species  most  abundant 
in  the  Warsaw  station  471,  at  an  altitude  of  about  1,200  feet  The  fol- 
lowing 100  feet  of  the  Attica  section  (408  D)  takes  us  up  to  sandy  and 
flaggy  deposits ;  in  the  same  way  the  upper  deposits  of  471  are  sandy 
and  flaggy,  following  soft,  light  colored  shales. 

The  species  of  471  A^  are  — 

Oardiola  speoiosay  abundant. 

Lunulieardium  Zem,  n.  sp. 

StyliolafMureUOj  rare. 

Pterinapectenf  Atticusj  n.  sp.,  abnndant. 

Ptyehopteria  f  mesocoataliSy  n.  sp. 

Sparangites,  rare. 

Huamphalus  f ,  a  fragment 

thmiatites  uniangularis. 

Fragments  of  crinoid  stems. 

ColeoluB  facicula. 

Aptyckus  of  Ooniatites.    Plate  III,  Figs.  3  and  4. 

The  specimens  figured  are  of  a  small,  thin,  scale- like  fossil,  black  when 
the  substance  is  preserved,  and  apparently  chitinous  originally.  In 
outline  it  has  the  shape  of  a  transverse  section  of  the  outer  chamber  of 
Ooniatites^  like  O.  bicostatusj  and  of  the  same  size  as  would  fit  such 
specimens  as  have  been  found  in  the  same  horizon. 

The  shorter  specimen  (Fig.  4)  may  belong  to  a  more  closely  coiled 
species,  like  O.  uniangularisj  which  aKso  is  found  in  the  same  rocks. 

The  more  perfect  specimen  (Fig.  3)  is  8.3*"™  long,  5.2™™  wide,  and  the 
depth  of  the  rounded  sinus  is  2""".  This  is  supposed  to  represent  the 
groove  formed  by  the  inner  coil  of  the  shell  partly  inclosed  by  the  outer 
lining  chamber.  The  Aptyehus  is  not  flat,  but  transversely  arched,  the 
arohigg  cohflned  to  the  central  portion,  and  marginally  it  is  nearly  flat. 
I  And  no  reason  to  doubt  that  this  was  an  Aptyckus  of  one  of  the 
Ooniatites  so  frequent  in  the  Portage  rocks,  and  in  size  and  form  it 
agrees  very  closely  with  the  figures  in  Keyserling's  Wiss.  Beob.  Eeise 
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Petsobora-Laud,  PI.  13,  Figs.  3-7,  and  referred  by  liim  to  Aptyckus  (stw 
pp.  286,  287,  and  Fig.  5  particularly).  The  specinieus  WBre  from  tlie 
concretions  in  the  Dontinivk  black  Bbales.  It  ie  one  of  the  same  rlawi 
of  objects  referred  to  CardiocarU  by  H.  Woodward,  Geol.  Mag.,  London, 
Tol.  14,  p.  386,  and  to  Spathiooarit  by  J.  M.  Clarke  (Am.  Jonr.  Sc,  Vol. 
XXIII,  3d  8er.,  p.  477).  The  recent  discoveriea  of  Kayser,  Dnme^,  and 
Woodward  leave  no  doubt  of  the  Aptgchus  nature  of  some  of  the  so-called 
pbyllopod  urostacca  of  tbe  Silurian  nnd  Devonian. 

The  specimens  here  figured  are  of  the  tj'pe  called  Anaptyvkuii  by  OlVel 
and  belong  to  the  group  iSimjiItces  of  Zittersclassitication  (Paheout.,  Vol. 
I,  Piirt  2,  p.  403),  consisting  of  a  single  piece.  It  is  probable  that  all 
the  forms  from  tlie  Portage  rocks  described  by  J.  M.  Clarke  as  Spatltto- 
.earis  and  Cardiocaris,  and  posfibly  some  other  genera,  are  of  a  similar 
nature.  (See  Dames,  Zeitsohrift  d.  deutach.  geol.  Gesellsch.,  1882,  Vol. 
XXXIV,  p.  819 ;  Neues  Jahrbuch,  Bd.  1. 1834,  p.  178 ;  aud  Wootlwi 
Geol.  Mag.,  Dec.  Ill,  Vol.  II,  1885,  p.  345,  and  I'late  IX,) 
Ltttivlicardium  Muneter. 

Several  specimens  from  the  green  shales  of  tbe  Lower  Portage  groap 
are  referred,  after  considerable  study,  to  tbe  genua  Lunulicardtum  as 
restricted  by  Zittel  (Handb.  d.  Paleont.  Vol.  I,  Part  2,  p.  36)  and  as  ap- 
plied by  Hall  (Geol.  Surv.  N.  Y.,  Pal.,  Vol.  V,  Pt.  I,  Lamell.  II)  to  such 
forms  as  Anieula  fragilia  Hall  of  the  Geol.  Eeport,  4th  dist,  N.  Y.,  p,  222. 

The  specimen  figured  on  Plate  III  (Fig.  7},  on  careful  comparison  with 
genuine  examples  of  L.fnujile  from  tLe  Marcellusshnles  and  higher,  is 
found  to  Ite  indistingiiiMliabii',  oxcl-iiI.  in  its  more  gibbons  form,  which  is 
ascribed  to  its  better  preservation  through  the  possession  of  a  thicker 
Bhell.  The  typical  forms  of  L.  fragile  were  evidently  very  thin  and  are 
found  in  tbe  fossil  state  crashed  very  flat,  but  always  with  more  or  less 
wrinkled  surface.  These  Portage  specimens  occasionally  show  fine  radi- 
ate strife  on  tbe  surface,  a  character  recorded  as  appearing  on  well 
preserved  specimens  oi  L.  fragile. 

Id  the  more  oblong  forms  (Plate  III,  Figs.  5, 6,  aud  8)  the  flue  radiate 
strife  are  pretty  generally  visible  upon  magnifying  the  snrfaw,  aud  the 
position,  length,  and  direction  of  the  byssal  fissure  are  those  of  L.  fragile. 
Id  one  specimen  (Fig.  8)  the  lip  of  the  byssal  gap  is  reflected,  as  in  well 
preserved  specimens  of  L.  fragile,  but  in-aootber  specimen  (Fig.  G)  of 
the  opp«sito  valve  tbe  lip  of  tbe  opening  is  inflected,  as  in  some  of  tiie 
Limae.  The  latter  appears  to  be  a  right  valve  and  the  former  a  left 
valve. 

Id  each  of  the  oval  specimens  opposite  the  byssal  openin;;  in  a  very 
small  angular  extension  of  the  cardinal  margin,  upon  which  are  two  or 
three  sharp  radiating  plications  or  lateral  cardinal  teeth.  In  thig  feat 
ure  they  recall  such  forms  as  MytHarca  (PtetkomytHtis)  oviformiH  Hallol' 
the  Hamilton  group  (Geol.  Surv.  N.  Y.,  Pal.,  Vol.  V,  Pt  I,  Lamell.  II, 
PI.  XXXI,  Figs.  7  and  8),  but  the  direction  of  growth  aud  the  curvature 
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of  the  shell  and  direction  of  the  beak  are  distinct  The  cardinal  angle 
is  also  much  more  prominent  in  that  species.  While  there  appears 
reason  for  regarding  the  shells  under  consideration  as  allied  to  the 
MytUareaSj  as  may  possibly  be  also  the  L.  fragile^  taking  all  points  into 
consideration  they  fall  more  naturally  under  the  genus  in  which  L. 
fragile  is  found. 

I  propose  for  specimens  figured  on  Plate  III,  Fig.  G  and  Fig.  8,  the 
name  Lunulicardium  levis^  and  refer  provisionally  to  the  same  species 
the  larger  form.  Fig.  5. 

DESCBIPTION  OF  LUNTTLICABDIUM  LEVIS. 

Lmiulieardium  leviSy  n.  sp.,  PI.  Ill,  Figs.  6  and  8. 

Shell  medium  size,  obliquely  oval,  with  sharp,  short  beak  nearly  cen- 
tral, with  byssal  gap  starting  close  under  the  beak  on  the  anterior  side 
and  reaching  obliquely  about  one-half  the  length  of  the  shell,  lip  re- 
flected in  the  left  valve  and  inflected  in  right  valve,  the  front  broadly 
rounded  and  curving  around  regularly  to  near  the  beak  on  the  i>oste- 
rior  side,  where  is  a  slight  angular  extension  of  the  hinge  margin,  upon 
which  are  two  dr  three  well  d.efined  radiating  plications  which  may  be 
lateral  cardinal  teeth.  Surface  nearly  smooth,  with  concentric  lines  of 
growth  and  very  flne,  radiate  stria). 

Dimensions:  Length,  20^";  width,  16.2'"'" ;  length  of  byssal  fissure, 
12.9™" ;  angle  of  byssal  lip  with  central  axis  of  shell,  40^  to  41^. 

Horizon  and  locality:  The  green  shales  of  the  Lower  Portage  group 
at  Varysburg  and  Warsaw,  Wyoming  County,  IS".  Y. 

Tiryibnrg,  Wyoming  Connty,  N.  T.— 472. 

At  Varysburg  three  sections  were  examined,  472  A,  B,  and  C.  The 
position  of  this  station  is  about  seven  miles  south  and  a  mile  or  so 
west  of  the  Attica  station  468.  The  altitude,  estimated  by  railroad 
grade,  is  1,239  feet  above  tide  level.  The  bridge  across  the  Tonawanda 
Creek  in  the  valley  is  approximately  1,121  feet  above  tide  level.  Along 
the  banks  of  the  stream  some  thick  layers  of  black  shale  appear,  with 
interstratified  masses  of  the  olive  Portage  shales.  But  we  are  here  near 
the  top  of  the  black  shale  deposits,  the  highest  traces  of  which  were 
472  B*  at  1,270  feet  and  a  thin  streak  iu  section  472  C. 

These  are  not  pure  black  shales,  but  contain  particles  of  pyrite  and 
mica  mingled  with  the  arenaceous  particles  of  the  including  strata,  and 
they  show  traces  of  Sporangites.  472  C^  is  a  more  massive  black  streak 
of  the  same  shale,  several  inches  thick ;  by  its  physical  characters  it  is 
evidently  one  of  the  last  of  the  recurrent  deposits  of  the  black  shale. 
472  A  and  B  are  sections  on  the  west  side  of  the  valley,  while  the  section 
0  runs  oJBf  to  the  northeast  along  the  gorge  of  Stony  Brook,  and  trav- 
erses 160  feet  of  strata,  the  top  sandstone  C^  reaching  an  altitude  of 
1,345  feet  approximately. 
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471i  A  is  an  imperfect  section  diroctly  west  of  the  village,  traversing 
about  tho  Rame  stratu  as  tlioso  Heen  io  B. 

The  sanilstone  in  the  midst  of  this  section  is  apparently  the  same  that 
Is  worked  in  the  quarry  at  472  B  and  met  with  again  in  the  section  Cat 
O*.  Above  this  eaudstone  uo  black  shales  have  been  seen.  In  section 
A  it  ia  several  feet  thick,  massive,  calcareous,  of  a  gray  color,  weather 
Ing  brownish  gray,  fine  grained,  and  hard.  It  contiuns  in  the  upper 
layers  the  perforations  called  Fucoidea  verticals  in  the  State  report*. 

The  sandstone  is  followed  by  irregular  layers  of  thin  sandy  shales 
and  thicker  otlve  shales,  not  fissile,  but  blocky  in  fi'acture  and  of  rough 
,Btirfa«e,  and  in  places  nodnlar,  the  nodules  about  the  size  of  hickory 
onts  and  calcarceous ;  the  shale  is  also  slightly  oalcareous.  A  few  ton- 
mis  were  found  in  these  olive  shales,  bat  in  a  poor  state  of  preservation. 

The  fauna  determined  is  as  follows: 
GardMa  speoi'ojtn. 
Lvnulicardium  teviSf  n.  sp, 
Goniatiies  vomplanatua. 
G.  biooHtatua. 

Jjucina  WyomingeHsItt,  u.  sp. 
Lucina  Varyshurgia,  ii.  sp. 
Ortkoceras  (frag.). 

Pteurotomaria  (frag.),  ft  P.^oapilla/ria} . 
Oriuoid  stems. 

All  rare,  but  the  CnriHola  and  GonitifHeH  ivre  more  common, 

ttaarrfof  Ihe  Tomiwfluila  I'alky  (toil  Culia  fiailruatl — 47^  B. 

This  quarry  is  west  and  about  fifty  feet  above  the  station  of  the  Ton- 
awanda  Valley  and  Cuba  Bailroad  at  Varysbnrg.  The  top 'of  the  ledge 
from  which  quarry  stone  is  worked  is  1,292  feet  above  tide. 

The  npper  course  is  two  feet  thick,  with  a  tendency  to  divide  into  two 
one  foot  courses.  This  is  472  B'.  it  is  a  light  olive.gray,  massive  aand- 
Btone,  calcareous,  and  perforated  in  the  npper  part  by  numeroas  tnbes 
of  the  so-called  Fucoidea  verticalis;  these  are  filled  with  the  dailer 
material  similar  to  the  overlying  shales.  It  weathers  to  a  cream  olive 
or  brownish  gray,  but  has  very  little  iron  impurity  and  is  a  fine  grained; 
firm  sandstone.  , 

B'  lies'  upon  a  six  inch  mass  of  fine,  blue,  fissile,  argillaceona  shale, 
which  separates  it  from  the  second  two  foot  course  of  sandstone,  whteb 
is  a  solid,  compact,  and  even  textured  calcareous  sandstone  of  light 
green  gray  color,  like  that  above,  except  that  the  worm  tnbes,  Facoidei 
verticalig,  are  wanting.  Below  this,  separated  by  thin  layers  of  soft 
sbale,  are  two  thin  courses,  respectively  twenty  and  ten  inches  thick, 
forming  the  bottom  of  the  quarry.  There  are  no  worm  borings  in  these 
lower  coarsea,  but  the  petroleum  odor  is  more  apparent  than  in  the  apper 
sands. 
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The  total  thickness  of  this  sandstone  ledge  is  thns  about  seven  feet, 
and  it  has  furnished  some  very  fine  stone  for  railroad  bridges  and  heavy 
masonry.  In  the  shales  forming  the  partings  there  are  seen  a  few  chips 
of  fossil  wood,  bat  no  other  fossils  were  detected. 

B^. — Under  the  sandstone  is  abont  ten  feet  of  a  greenish,  nodnlar, 
calcareous  shale,  irregular  and  with  rough  fhusture,  mainly  argillaceous; 
the  upper  half  is  more  nodular,  the  lower  strata  becoming  more  even 
and  smoothly  stratified.  This  is  nearly  barren  of  fossils,  but  in  it 
were  seen  traces  of  a  small  CardiuMj  with  prominent  beak,  and  a  small 
f  Oaniatites.  Below  this  is  a  fifteen  inch  courseof  sandstone  like  the  quarry 
stone  above,  underlined  by  green  gray,  nodular  shales,  which  run  down 
into  bluish  gray,  rough  surfaced  shales,  and  at  about  three  feet  from  the 
base  of  the  sandstone  there  is  a  few  inches  of  fissile,  finely  laminated, 
black  shale  (B^),  with  petroleum  odor  and  Sporangites.  Under  this,  as  far 
as  was  examined,  were  alternations  of  argillaceous,  bluish  gi*een  shales, 
with  the  thin,  arenaceous  shales  so  common  in  the  Upper  Portage  depos- 
its* The  former  shales  are  distinctly  calcareous,  and  a  single  small 
Falaaneilo  was  found  about  fifteen  feet  below  the  base  of  the  quarry. 
This  PalcBoneilo  is  of  the  type  of  P.  brevis  and  P.  Bed/ardensis,  but  of 
much  smaller  size.  It  agrees  in  shape  and  marking  more  closely  with 
the  Hamilton  form  P.  pUma^  though  but  one-third  the  size.  I  have  pro- 
visionally called  it  a  variety  of  the  latter  species,  with  the  varietal 
name  Varyshurgia;  it  is  seen  again  in  472  G^ 

Stony  Brook, Tarysbnrg— 472  G. 

The  first  rocky  exposure  is  approximately  1,185  feet  above  tide.  Be- 
ginning from  the  base  and  running  up  it  presents  the  following  char- 
acters : 

G^  is  a  tough,  calcareous  sandstone,  seen  just  at  the  water's  edge.  It 
i8  greenish  gray  in  color,  but  is  not  a  pure  sandstone,  showing  some 
admixture  of  the  greenish  shale.  It  is  immediately  followed  by  G°,  6 
inches  to  a  foot  of  compact,  black,  bituminous  shale,  containing  an  occa- 
sional Sparangitea  and  fragment  of  carbonized  wood.  Minute  pyrite  ac- 
cretions are  also  seen,  and  an  occasional  worm  boring  perforating  its 
lower  layers  from  the  green  sandstone,  G^,  below.  The  line  of  super- 
position is  irregular,  as  if  the  surface  of  the  sandstone  material  were 
broken  up  and  disturbed  during  the  deposition  of  the  first  part  of  the 
black  shale.  The  green,  sandy  shale  occurs  in  irregular  lumps  and  lay- 
ers, and  the  black  shale  itself,  after  it  began  to  be  deposited  in  thin,  per- 
fectly smooth  layers,  is  seen,  on  a  cross  section,  to  be  interlaminated 
with  very  thin  sheets  of  the  lighter  shale. 

O^ — ^Above  the  black  shale  is,  first,  a  foot  of  smooth  surfaced,  gray 
shale  without  fossils,  followed  by  two  inches  of  fine,  soft,  argillaceous 
shale,  greenish  gray  in  color,  not  very  fissile,  but  breaking  up  in  blocky 
flakes,  with  rough,  uneven  surface,  and  containing  numerous  fossils, 
and  slightly  calcareous — afrequent  character  of  the  fossil  bearing  shales 
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•  of  tbu  PorUg«  ^Tuiii).  It  appwim  like  u  soft  ikikI  rioposit,  stirriil  ii|)  b.v 
woniiH  or  iDolItiiJca  moviug  nbout  on  tlie  bottom,  tboagb  tbe  matmal  is 
fdeiitical  with  the  Hue,  smooth,  fisaile,  olive  shales  met  with  iti  the  same 
Beiies.  Where  this  shale  cleaves  with  a  smooth,  eveu  surfiKie  tt  in  ex- 
tn-mely  rare  to  find  the  least  trace  of  a  fossil. 

The  fauua  of  this  shale  (C*)  is  as  follows : 
Oardiola  speeiosa  {=Q\yptocardia  tpecioaa  Hall,  1885). 
ColmiuH  aeicula. 
Qojiiatitcii  btcantatiu  f 
Lunu  lica  rdium/r  agi  le. 
Pleurotomaria,  a  fragment,  t  P.  eapillaria. 
Palenoneilo  plana,  variety  Varyaburgia  H.  8,  W.  (n.  var.). 
'  Orthoi'eriiit,  n  tVagmeut  of  a  small,  slender  form. 
Leda  diver sa. 

The  first  two  species  of  this  list  are  common ;  the  Goniatite  is  repi 
seated  by  several  fragmeiitfi  ;  the  other  forms  are  rare. 

These  fossiliferous  shales  are  followed  by  a  few  feet  of  bine  gmy  shales 
like  those  below,  capped  by  two  layers  of  hard,  sandy  shales  oecupyiDg 
a  foot  and  a  half,  the  lower  part  wavy  and  perforated  by  tbe  Verti- 
ealiii  worm  boiiugs,  the  upper  part  concretionary  and  greenish  in  color. 
Above  this  for  some  fifty  feet,  are  alternations  of  the  greenish,  soft,argil- 
Inoeoos  shales,  and  thin,  darker  bluish,  more  arenaceous  layers,  with  an 
occasional  thin,  black  streak,  quite  black  near  the  bottom,  but  only  rw- 
oj^nized  by  a  darkening  of  the  ordinary  bluish  shale  toward  the  top.  Ad 
occasional  Cardiola  Kpecioga,  but  no  other  fossil,  was  detected  in  the  mass. 

This  is  terminated  by  a  solid,  compact,  pray  sandstone,  C,  two  feet 
thick,  darker  than  those  above,  but  like  them  in  having  the  upper  part 
pi-nutrated  by  tlje  worm  bdrings  called  Fiicotdcx  vcrficaUs.  The  fill- 
ings are  darker  than  the  matrix  and  are  apparently  composed  of  the 
material  of  the  overlying  shale.  This  is  C;  it  is  calcareous  and  in  gea- 
eral  character  is  like  the  majority  of  the  gray  sandstones  of  all  this 
region.  They  may  well  be  denominated  Verlicalis  sandstooea  and  are 
generally  light  gray  in  color,  rarely  less  than  two  feet  in  thickness,  oftl- 
careens,  and  very  generally  give  out  a  strong  petroleam  odor  whefi 
freshly  qnanied,  which  they  lose  npon  esposare  to  the  atmosphere. 
The  Verticalia  borings  are  sometimes  wanting,  but  the  top  layer  of  the 
mass  will  generally  be  foand  to  contain  these  markings.  The  Portage 
sandstones  of  Portageville  and  the  falls  are  a  well  known  example  of 
them  when  deposited  in  thick  masses. 

In  the  sandstone,  4T2  G*,  a  single  fossil  of  considerable  importaooe 
was  found.  It  consists  of  a  fragment  of  a  fish  plate,  an  inch  wide  by 
an  inch  and  a  half  lon^,  thin  on  one  edge,  but  tapering  at  one  comer 
to  a  third  of  an  inch  in  thickness.  The  surface  markings  consist  of 
tnberclee  partly  confluent  and  resemble  the  markings  of  the  Salop- 
tyekius  giganteua  scale  figured  in  Mnrchison's  Silurian  fiystem.  It 
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may  be  a  fragmeut  of  the  dorsal  shield  of  some  such  fish  as  the  A  Hpidichihys 
3f  the  Huron  shale,  bat  the  tubercles  are  not  isolated,  are  closer  together 
%nd  more  confluent  than  in  Dr.  Newberry's  species  of  Aspidichthys  clav- 
%tu8.  From  the  thickness  of  the  fragment  I  infer  that  it  belongs  to  a 
lermal  plate,  and  refer  it  provisionally  to  Aspidichthys  clavatus  Newberry. 

Above  C  the  sandy  shales,  in  their  alternation,  predominate  over  the 
3live  shales;  they  are  more  frequent,  and  stand  out  on  the  cliifs  as  stiff 
seams  two  to  eight  inches  in  thickness. 

Nineteen  feet  above  the  top  of  C*  is  the  base  of  a  second  Verticalis  sand- 
stone, G^  eight  feet  thick,  but  not  in  a  compact  mass,  being  broken  up 
by  thin,  shaly  partings,  though  one  solid  layer  two  feet  thick  lies  at  the 
top.  This  is  calcareous,  as  usual,  and  is  impure  by  admixture  of  a  little 
material  of  the  green  shales;  also  traces  of  iron  are  seen  in  the  slight 
brownish  tint  of  weathered  surfaces.  The  ordinary  nodular,  olive  shjAle 
underlies  it,  and  this  rests  on  the  blue  shales,  which  are  becoming 
more  common  among  the  tougher,  arenaceous  deposits  of  these  upper 
beds.  In  the  bed  of  the  creek  a  broken  block  of  G^,  or  something  very 
iimilar,  contains  a  large  Cladochonusj  with  cups  nearly  two  centimeters 
long,  and  on  the  same  slab  are  the  impressions  of  a  Cardiola  speciosa 
md  a  Ohanetes  lepida.  This  fragment  shows  no  trace  of  lime,  but  this 
8  not  strange,  as  some  of  the  sands  by  weathering  seem  to  lose  what 
ittle  calcareous  matter  they  may  have  contained.  The  light  olive  shale 
issociated  with  G^  is  slightly  calcareous,  not  fissile,  but  with  blocky  fraet- 
ire  and  rough  surface,  approaching  the  character  of  the  nodular  shales. 
[n  it  I  found  a  specimen  of  what  I  first  supposed  to  be  Cardiomorpha 
mbarbicularis,  originally  referred  to  Ungiilina.  8ever<al  specimens  of 
;his  shell  have  been  taken  from  various  exposures  of  these  olive  shales 
)f  the  Portage,  presenting  some  features  not  referred  to  in  the  descrip- 
ions  of  the  species.  These  are  figured  in  Plate  III,  Figs.  13  and  14,  and 
lescribed  below  under  the  genus  Liicina  of  Bruguiere  and  referred  to 
lew  species,  L.Wyomingensis  and  L.  Varysburgia.    (See  p.  44.) 

The  sandstone,  G',  is  immediately  followed  by  tough,  wavy,  arenaceous 
ayers,  running  up,  in  a  few  feet,  into  blue  shales,  then  green  shales,  and 
she  peculiar  nodular,  olive  shales  of  rarer  occurrence  at  this  position. 

These  characters  continue  in  irregular  order  for  about  twenty  feet 
nore,  when  a  third  Verticalis  sandstone  appears,  C*.  This  is  very  sim- 
hir  to  C'in  general  characters  and  thickness.  The  upper  i)art,  particu- 
arly,  shows  the  Verticalis  markings.  The  nodular  shales  underlie  this 
landstone  as  they  do  the  sandstones  of  lower  position. 

In  the  green  nodular  shales  the  following  fauna  appear : 

9imiatite8  Patersani. 

Vucula  corbulifarmiSj  var.,  a  small  variety,  in  form  and  markings  like 

eorbulifarmiSj  but  about  half  the  normal  size. 
Trthoeeras  pacator. 

Lueina  Varysburgiaj  n.  sp.  {1=Ungulina  suhorbicularis  Hall). 
Oladoehonus^  sp.   Same  as  seen  in  the  Eastern  Portage. 
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nEStTBIPTION  OF  TWO  NEW  LUCIBA8.  ^H 

Jjuoina  Wj/iMningensia,  o.  sp,     Plate  III,  Fig.  13.  ™ 

Outliue  nearly   circular,  aboat  12™   wide;   binge  margin   nearly 

<  straight,  lO^*"  long;  iimlwDe  sabcontral,  email,  extending  nliglitly  bf' 
yt)nd  tlie  hinge  margin.  Shell  evenly  arched,  the  umlxjiial  ridgu  Kiib 
angular  anteriorly  near  the  beak,  but  rounded  beyond.  Surface  willi 
strong  cuncQutric  ridges,  no  radiate  striio,  except  on  the  canlinal 
Angles,  where  are  several  sharply  defined,  radiating  striae,  Rtrongtr 
towanl  the  margin  and  reaching  under  the  beak ;  eight  ur  nine  of  thette 
ridgea  can  be  seen  each  side  the  bejik,  occupying  the  space  of  4"' 
from  the  cardinal  angle,  beyond  which  no  traces  of  8tri:e  can  be  seen. 
The  concentric  folds  are  about  the  size  of  the  larger  folds  of  I/vctna 

I  {P</.r<uigcta»)  lirata,  which  the  shell  resembles.  From  that  spevies  it 
differs  in  the  mure  erect  beak,  in  the  radiating  striai  at  the  cardinal 
angles,  and  in  the  absence  of  finer  intermediate  couc»iutriG  striie;  the 
concentric  folda  are  rounded,  and  not  sharp  as  in  L.  Hrata. 

From  the  Portage  shales  at  Varysburg  (-172  A). 
Xuofna  Varysburgia,  n.  sp.    Plate  HI,  Fig.  14. 

I      Ontliuo  of  shell  nearly  circalar,  l"""  long,  18"""  wide.    It  reaemblM 

I  Id  form  the  ParocT/cios  Cftem«n!?e»«i«of  Hall,Oeol.  Surv.  N.T.,  Pal,,Tol. 

'  V,  Pt  I,  Lamell.  II,  Plata  XCV,  Fig.  23,  but  still  more  the  figure  of 
Unjjulina=Cardiomorp}ta  suborbicutarU,  1S$3  =  Edmondia  t  tenuulriata, 
1(485,  Geol.  Snrv.  N.  Y.,  Pal.,  Vol.  V,  Pt.  I,  Lamell.  II,  Plate  LXIU,  Fig. 
9.  The  surface  is  nearly  smooth,  slightly  and  evenly  convex,  excejjt  in 
the  presence  of  a  sbght  sulcus,  separating  a  triangular  portion  of  the 
anterior  t  cardinal  angle.  The  cardinal  angles  near  the  margin  are 
marked  by  radiate  wtriaj  fainter  and  fewer  than  in  L.  Wi/omingen»i8,  but 
of  the  same  eharaeterj  four  or  five  are  visible  on  each  side.  There  are 
faint  concentric  Btriai  visible  near  the  margin  of  the  shell;  also  very 
faint  radiat«  lines. 

In  a  second  specimen,  which  is  crushed,  but  appears  to  belong  to  the 
same  species,  there  are  stronger  concentric  folds  near  the  front  margin. 
The  beaks  are  erect  and  nearly  central,  low,  and  scarcely  extondiu^ 
beyond  the  hinge  margin.  Upon  first  examination  I  was  inclined  to 
refer  this  form  to  the  species  originally  described  as  Ungulina  subor- 
bicutarU  by  Hall  in  Geol.  of  N.  T.,  4th  dist.,  p.  243,  Fig.  2, 1843.  Tliis 
was  flgnred  in  plates  and  explanations  of  Lamellibranchiates,  Oool. 
Surv.  N.  Y., Pal.,  Vol.  V,  Pt  I,  Lamell.  II,  Plate  LXIII,  Figs.  9, 10  (issued 
in  1883),  nnder  the  name  Cardiomorpha  suborbicularis  ;  but  in  the  final 
volume  (Vol.  V,  Pt.  I,  Lamell.  II},  published  in  188.5,  the  species  is  alto- 
gether discarded  and  the  Figures  9  and  10  are  referred  to  another  genos, 
Edmondia  f,  and  described  as  a  new  species,  E.  teniiisfriata,  on  page  393. 
(See  also  Am.  Jour.  Sci.,  3d  ser.,  Vol.  XXSII,  p.  192.)  The  original  is 
said  to  come  from  the  shales  of  the  Chemung  group  near  Elmira,  ui8te«d 
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of  Eighteen  Mile  Greek,  Portage  group,  from  whioh  the  original  of  ETn- 
gulina  aubarbicularis  is  recorded.  So  far  as  literature  goes,  we  are  left 
no  means  of  distinguishing  Ungulina  suborbicularia^  except  the  original 
brief  description  in  the  Geology  of  New  York,  first  dist.,  1843.  The 
condition  of  the  specimens  is  too  imperfect  to  enable  us  to  recognize  such 
surface  markings  as  are  given  on  Fig.  10,  Plate  LXIII,  Geol.  Surv.  N. 
Y.,  Pal.,  Vol.  V,  Pt.  I,  Lamell.  II.  The  specimens  before  us  also  differ 
from  the  Ungulina  and  from  any  described  Lucinan  of  the  Devonian  in 
the  radiating  stricnB  on  the  cardinal  angles. 

This  mass,  472  C^,  tends  to  be  flaggy  and  break  up  into  layers  an 
inch  or  a  few  inches  thick,  and  it  is  less  easily  separated  at  the  top  from 
the  coarse  shales  that  follow.  A  few  feet  above  the  solid  part  of  this 
sandstone  mass  the  shales  are  bluish  and  break  up  into  irregular  slabs, 
rough  surfaced,  and  a  few  of  the  layers  contain  abundant  si>ecimens  of 
the  Spirophyton  caudorgalli. 

C?. — ^The  shales  containing  the  Spirophyton  are  rather  darker  than  the 
general  color  in  this  part  of  the  section,  of  bluish  green  tint,  and  cal- 
careous. Worm  tracks  are  abundant,  producing  markings  very  similar 
to  what  are  usually  called  Fucoidea  graphica,  if  not  identical  with  them. 
These  conditions  continue  upwards,  varying  somewhat,  but  with  the 
general  character  of  coarse,  blue  gray  shales  and  thin,  arenaceous  layers 
occasionally  containing  numerous  specimens  of  Spirophyton^  till  we 
reach  the  highest  sandstone  of  the  section,  G^. 

G^. — ^This  is  a  thick  ledge  of  solid  sandstone  about  8  feet  in  thick- 
ness at  the  thickest  part  exposed.  It  appears  to  be  a  lenticular  mass, 
thinning  out  in  two  directions ;  the  grain  is  a  little  coarser,  mica  specks 
are  more  numerous,  and  the  weathering  gives  it  a  decidedly  yellowish 
tint,  from  the  presence  of  iron.  It  is  not  calcareous,  so  far  as  observed, 
nor  were  any  traces  of  the  Verticalis  worm-borings  seen,  though  they 
may  appear  in  the  top  layers  covered  by  soil. 

This  terminates  the  rock  exposure  of  this  ravine ;  the  top  of  G^  is  ap- 
proximately 1,345  feet  above  tide  level,  or  160  feet  above  the  base, 
472  G"*.  This  section  shows  us  the  general  law  of  the  appearance  of 
the  Verticalis  sandstiones  in  relation  to  the  black  shales.  The  sand- 
stones first  begin  to  appear  soon  after  the  last  black  shale ;  after  a 
genaine  Verticalis  sandstone  of  two  feet  or  more  in  thickness  has  ap- 
peared, no  black  shale  is  seen  again.  The  sandstones  appear  in  this 
section  about  twenty-five  feet  apart,  becoming  thicker  above  and  farther 
separated  from  one  other. 

They  certainly  begin  in  the  midst  of  the  green  shales  of  the  Portage, 
with  its  characteristic  fauna,  and,  as  will  be  shown  further  on,  continue 
after  this  fauna  ceases ;  their  order  of  appearance  in  thin  shales  is  sim- 
ilar in  each  case:  the  nodular,  green,  calcareous  shales  precede  the  sands 
and  theblnish  and  morearenaceous  deposits  follow.  Tlie  greenish  shales 
are  evidently  the  mark  of  the  older  conditions  and  the  bluish  shale  of 
the  later,  as  the  former  are  more  frequent  and  characteristic  below, 
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'  while  the  bluish  shalea  and  tbin,  Qaggy,  and  oft^n  wave  uinrked  snniU 
are  cburact eristic  in  the  hi^fher  part  uf  the  HC^rtes. 

lu  relaUuu  to  other  seetious,  the  base  of  472  0  probably  laps  over  the 
tO|i  of  40S  1),  the  latter  not  ruaubing  quite  to  C,  but  passes  to  the  top 
of  the  recurreat  black  shalos. 

DE8CEIPTI0N  OF  WOBM  TBACKS.  ^M 

Arenicotites  iluplfx,  u.  ap.     Plate  IV,  Fig.  9.  _m 

lu  the  green  lihalejj  in  the  lower  part  of  the  Stony  Oroek  section  wh« 
fonnd  the  single  speeitueu  whiob  is  H^nred  in  Plate  IV,  Figures  9a  ami 
8^.  This  voA  lying  bomontullf  iu  the  rock  and  cotubiues  several  iu- 
terestiag  features.  At  the  free  end  (upper  in  the  fijiures)  the  specimea 
pntseuts  iu  each  of  the  anus  the  characters  so  frequently  met  with  iu 
the  Kew  York  Uovoiiian,  and  when  regular  oft<^n  siioken  of  as  Fitcnide$ 
gritphica.  Wheu  closely  esaniined  these  are  found  H>  be  uot  ttteuis 
leaviug  their  iuipression  in  the  mad,  but  the  hltiuf^s  of  grooves  niadu 
in  the  surfiu^  of  the  umd  anjl  tilled  by  repeated  depositions  of  thin  lay- 
ers of  mud  in  the  groove.  Iu  the  lower  part  of  the  figure  will  be  steii 
(be  mode  of  joining  of  the  two  tube  filliug8,curvn)g  around  in  areguhtr 
«rob,  the  arch  bdug  repeated  a  number  of  times  at  different  places,  but 
aowbere  a<t  strong  as  the  side  tubes.  This  ch^raoter  is  repeated  in  the 
forms  called  Spiropkpton  (see  particularly  Spirophgtoa  velum  of  theldth 
Ann.  Rep.  lipg.  Univ.  N.  Y.,  Plates  LXXX,  LXXXI,  originally  tig- 
ured  by  Vauusem  iu  the  Geol.  N.  Y.,  3d  dist.,  p.  177).  I  liken  them  t^i 
the  vertical  boriugscalled  by  S'dAter  ArcnicoIiteH  and  by  various  authors 
Scolithuii  and  Fuvoides,  and  consistiug  of  tubular  flUiugs  more  or  less 
vertical  in  the  rock. 

I  select  the  generic  name  ArenicoUtes,  following  Salter,  who  pro- 
posed to  restrict  this  name  (an  adaptation  of  Binney's  name  Areiticola) 
to  those  worm  borings  connected  by  a  loop  or  appearing  in  pairs  and 
showing  double  openings  (see  Salter,  Quart.  Jonr.  Geol.  Soc,,  Zjondon, 
Vol.  XII,  p.  248, 1856;  Vol.  XIII,  p.  204,  1807). 

The  explanation  of  the  formation  of  such  dissimilar  markings  by  tlifl 
same  organism  is  easily  understood  by  watching  the  common  earth 
worm  penetrating  deep  into  the  soil,  out  of  sight,  and  after  a  rain 
storm  coming  to  the  surface,  stretching  out  its  length,  and  by  sudden 
retraction  drawing  sticks  and  leaves  and  loose  fragments  into  the  moath 
of  its  tube. 

I  can  imagine  bow  a  worm  with  slightly  modifled  habit  might  bore 
its  tube  m  the  mud  and  with  its  posterior  part  anchored  id  the  hole 
throw  its  body  out,  curving  it  to  one  side,  and  thus  form  a  loop,  which, 
by  sudden  retraction,  would  leave  the  kind  of  mark  seen  in  the  jS^ 
rophyton.  And  it  is  easy  to  conceive  how  the  same  kind  of  worm  whidi 
left  its  mark  on  the  surface  might  perforate  vertically  in  the  mad,  as 
we  fiud  worms  doing  today. 
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I  call  this  specimen  Arenicolifes  duplex^  but  imagine  the  maker  of  the 
track  was  nearly  related  to  the  maker  of  the  markings  called  Spirophy- 
tony  and  that  the  vertical  borings  so  common  in  the  sandstones  of  the 
Upper  Devonian  were  made  by  the  same  kind  of  animal,  though  many 
species  or  even  genera  may  have  been  engaged  in  formii^g  these  various 
worm  tracks. 

Danbrer  qnarry,  Bennington,  Wyoming  Connty,  N.  T.— 471  A. 

This  quarry  is  situated  on  the  hillside  above  the  railroad,  westward, 
between  Sierk's  and  Earl  stations  on  the  Touawauda  Valley  and  Cuba 
ItoUroad,  3^  miles  south  of  Attica.  According  to  estimates  based  upon 
the  grade  of  the  railroad,  the  top  of  the  quarry  is  approximately  1,465 
feet  above  tide.  The  rock  outcrop  was  first  struck  about  40  feet  below 
the  top  of  the  quarry  and  measured  up;  a  few  outcrops  below  this  .point 
furnished  specimens,  but  their  altitude  was  not  measured — only  their 
order. 

A^,  altitude  1,426  feet,  a  calcareous  sandstone  averaging  a  foot  in 
thickness,  gray  olive,  with  VerticaliSy  followed  above  by  seven  and  one- 
half  feet  bluish  and  nodular  shale. 

A',  altitnde  1,433^  feet,  two  feet  of  massive,  gray,  calcareous  sand- 
stone, weathering  brownish,  with  Verticali8,fo\\owed  by  six  feet  of  bluish 
and  nodular,  olive  shales,  then  an  11  inch  sandstone  seam,  then  five  feet 
and  a  half  of  shales  and  a  six  inch  seam  of  sand,  then  nine  feet  shales, 
in  which  Spirophyton  and  the  so-called  Fucoid^  graphica  appear,  bring- 
ing OS  to  the  base  of  the  main  quarry  stone.  The  shales  immediately 
nuder  it,  bearing  Spirophytonj  are  greenish  gray,  calcareous,  and  rather 
soft,  breaking  with  rough  surface. 

The  quarry  stone,  A^  is  light  gray,  calcareous,  and  very  uniform  and 
massive;  in  the  quarry  it  is  composed  of  a  ten  inch  course  at  the 
bottom,  then  what  appears  to  be  a  solid  course  of  seventy-one  inches 
(but  in  quarrying  there  are  a  few  lines  of  cleavage),  on  top  of  all  a  fourteen 
inch  course,  in  the  upper  part  of  which  Verticalis  tubes  are  abundant. 
Above  the  quarry  about  twenty  feet  are  exposed  of  blue  gray  shales, 
and  towards  the  top  a  few  thin  sandstone  layers.  The  fifty  feet  below 
A'  is  composed  of  bluish  and  gray  shales,  with  hard,  flaggy,  arenaceous 
layers,  and  below,  at  about  1,375  feet  to  1,380  feet,  is  a  layer  of  nearly 
pare  limestone,  ontcropping  in  a  ledge  of  several  inches  thickness,  but 
mostly  covered,  a  few  feet  above  which  is  a  stratum  of  black,  fissile 
shale  with  Sporangites. 

The  next  exposure  examined  below  this  is  at  Sierk's  station,  where 
black  shales  appear  both  above  and  below  tbe  railroad,  and  they  con- 
tinne  upward,  appearing  in  considerable  thickness,  certainly  fifty  feet 
above  the  railroad.  There  is  a  thickness  of  275  feet  al>ovc  the  lowest 
black  shales  at  Sierk's  before  they  entirely  cease.  Taki  ng  the  upper  beds 
of  the  black  shales  as  criteria,  there  would  be  evidence  of  very  links  if 
any,  dip  from  Attica  (468  D)  to  Sierk-s  (47313),  and  even  at  Varysburg 
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(473)  tlioy  reach  above  1,200  feet  ia  their  recnrreuces.    At  Java,  eight 
miles  farther  south  and  three  miles  west  of  Varysburg,  tlie  black  shaleg 

I  apiiear  lu  thick  masses  considerably  above  1,200  feet  altitmle,  aud  dh- 

■  derljiug  the fiue,  thick  sandstone,  above  1,.'J00  feet  altitnde, is  a  layer ttf 
blaek  shale  with   tiporangiten  and  a  strong;  smell  of  petroleum.     This 

,  quarry  sand  of  473  A^,  if  we  regard  it  as  etjuivaleiit  to  C*  of  ■473,  wliidi 
is  also  underlaid  by  a  shale  bearing  Spirophyt^n,  dijiH  to  the  guuth  at 
about  fifty  feet  to  the  mile. 

If  now  we  eompare  this  with  the  Java  section  (175)  we  find  that  the 
fli'st  strong  sandstone  stratum  (475  A^)  actually  underlaid  by  a  black 
shale  lies  over  seventy  feet  higher  than  the  first  sandstone  of  YaryK- 

I  burg  (472  C^).  And  across  the  county,  eastward,  the  highest  streaks 
of  bluck  shale  do  not  reach  much  above  1,030  feet  altitude,  at  Portage 
Falls,  but  the  sands  beginning  at  the  npper  falls  occur  in  aWsen 
scores  of  feet  thick  before  an  altitude  of  1,300  fe^t  is  reached. 

These  facts  tend  to  show  that  in  this  region  the  rocks  show  »8  grrat 
diS'ereuc«s  on  passing  from  west  to  east  in  line  of  tbe  supposed  strike 
as  they  do  from  north  to  south  in  line  of  the  dip.  The  relatiou  strati- 
graphioally  between  the  black  shales  and  tbe  Verticalis  sandstones  fs  not 
Quifortn,  even  withiu  the  limits  of  a  single  connty.  There  is  nothing 
to  show  that  there  is  any  considerable  folding  of  thiB  general  ro*^ 
mosses  to  account  for  these  dift^rences. 

The  only  feasible  explanation  seems  to  be  that  tbe  Verticalia  sand- 
stone is  stratigraphically  connected  with  the  cessation  of  the  bliiek 
shales,  and  that  the  blaek  shales  run  up  higher  in  the  midst  of  the  Port- 
age green  shales,  as  we  trace  them  upward,  in  a  western  aad  southwest- 
ern direction. 

This  points  to  a  possible  explauatiou  of  the  apparently  much  higher 
position  of  black  sliales  in  Ohio,  in  relatioiL  both  to  the  lower  deposits 
aud  to  the  subcoal  conglomerates,  upon  which  point  further  light  most 
be  thrown  by  the  study  of  the  sections  farther  west  as  we  approach  aDd 
enter  Ohio. 

Slerk's  Statioo  (T.,  V.  k  C.  K.  K.),  Wfomiug  Cooalf,  If,  Y.— 471  B. 

Tbe  railroad  grade  at  this  station  is  approximately  1,100  feet  above 
tide  level.  The  profile  of  the  road,  which  I  was  permitted  to  consnlt 
through  tbe  kindness  of  Mr.  J.  Y.  D.  Loomis,  general  freight  aad  pas- 
senger agent  at  Attica,  gives  the  original  survey  of  the  road,  but  I  was 
not  able  from  the  maps  at  hand  to  locate  precisely  the  present  statioa 
ut  Sierk's.  Taking  the  altitude  of  the  grade  at  Attica  as  998  feet  Mid 
at  EarPs  as  1,17S  feet,  I  estimated  that  Sierk's  crossing  is  not  far  either 
way  f(om  1,100  feet.  About  fifteen  feet  below  tbe  railroad,  the  lowest 
exposure  is  a  massive,  black  shale.  The  black  shale  is  the  principal 
rock,  though  for  twenty-five  or  thirty  feet  upward  blue  shales  alternate 
with  it. 
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The  black  ahales,  473  B',  resemble  very  closely  the  second  recurrence 
of  black  shale  at  Attica,  as  seen  in  4G8  G^  or  408  E.  It  is  fissile,  with 
some  arenaceous  particles,  weathers  with  brown  iron  stain,  has  petro- 
leum odor  in  the  freshly  opened  strata,  and  contoins  Sporangites  and 
tityliolu.  This  station  is  three  miles  a  little  west  of  south  from  station 
408  O  and  E,  and  the  black  shales  at  the  bottom  are  nearly  on  a  level 
with  the  lower  black  shales  of  408  C  and  E.  The  section  408  D  contains 
no  such  massive  black  shale  and  begins  about  a  hundred  feet  higher. 
It  is  evident,  therefore,  in  these  three  miles  going  southward,  either 
that  the  black  shales  increase  in  thickness  upward  or  that  there  is  very 
slight  dip  of  the  rocks,  not  over  fifty  feet  in  the  three  miles.  This  is 
farther  corroboration  of  the  view  expressed  in  the  discussion  of  473  A. 
(See  p.  47.) 

Rifine  eait  of  Jara  Tillage,  Wyoming  Conuty,  N.  T.— 47i  A. 

This  station  is  nine  miles  north  of  Arcade  (474),  about  eight  miles 
southwest  of  Varysburg  (472),  and  two  or  three  miles  west  of  the  di- 
rect line  from  Attica  (408)  to  Arcade  (474).  In  direct  line  it  is  about 
twenty  miles  west  and  a  little  north  of  Portageville,  lying  about  six 
miles  north  of  the  latitude  of  the  falls.  The  altitude  is  estimated 
from  a  series  of  levelings  run  from  the  railroad  at  Java  Center,  475  A^, 
showing  the  top  of  this  sandstone  to  be  approximately  1,315  feet  above 
tide  level. 

This  sandstone  ( A^)  is  a  ledge  of  about  two  feet  workable  sandstone, 
as  seen  in  the  old  Macoon  quarry.  It  is  a  solid  gray  sandstone,  the 
thickest  course  averaging  a  foot  in  thickness  and  calcareous.  Two 
brachiopods  were  detected  in  it,  one  a  minute  shell,  like  a  Gyrtinaj  but 
too  indistinct  to  be  clearly  defined,  the  other  a  large  Spirifera^  over  an 
inch  wide,  the  best  specimen  crushed,  but  showing  the  ventral  sinus  with 
plications  about  the  same  size  as  those  on  the  main  part  of  the  shell.  This 
is  plainly  of  the  8.  disjuncta  type,  but  it  would  be  difficult  to  determine 
it  certainly.  What  is  preserved  of  it  looks  like  a  Spirifera  disjuncta 
with  extended  hinge  and  moderate  area.  With  these  were  found  frag- 
ments of  crinoid  stems.  This  is  the  lowest  point  at  which  traces  of  the 
Chemung  fauna  hav^e  been  seen  along  this  meridian,  and  it  is  of  particu- 
lar interest  on  account  of  the  prominent  stratum  of  black  shales  under- 
lying it  by  only  a  few  inches  bearing  a  few  Sporangites  and,  when 
freshly  broken,  giving  out  a  strong  petroleum  odor.  The  sandstone  has 
the  same  odor  when  freshly  broken.  It  is  followed  above  by  soft,  argil- 
laceous shales,  much  as  in  the  McGee  quarry  at  Arcade  (474  A  ),  and 
lies  upon  a  few  inches  of  similar  shales  (475  A  5*).  The  black  shale 
(A*)  is  massive,  six  to  eight  inches  thick,  a  decided  black,  but  not  the 
brown  black  of  the  lower  representatives.  Below  the  black  shale,  for 
some  fifty  feet,  the  rock  is  the  ordinary  alternation  of  bluish  shales  and 
thin  sandstones,  the  latter  often  wavy  and  flaggy,  as  seen  in  the  Upper 
Portage  series.    At  this  point  is  a  heavy  sandstone  ledge  which  could 
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not  bo  rcaulied,  furmtiig  a  fall  of  some  tw«^nt.v  or  tbirty  feet.  Under 
this  ledge  thecliff  iscoin[>osed  of  soft  greunshalfts,  wit U  frequent  bands 
of  black,  increasing  in  tbickuess  toward  tlie  bottom,  with  an  occasioaal 
Beam  of  tbe  green,  uodular shales  such  aa  those  seen  at  Vai^Kburg  aud 
otherplaws.  At  about  thirty-flve  feet  below  the  brink  of  the  fait  the 
green  shales  wero  examined  and  furnished  numerous  small  foasits  (A']. 

A'. — This  is  an  olive  gray  sLale,  soft,  argillaceoUH,  calcareous,  aud 
nodular  in  places.     The  fossils  determined  are  — 

Cardiola  speciosa,  immorous.  h 

Coleolug  acicula,  rare.  ^H 

Palwoneilo  (small).  ^^ 

Qoniatitea  (miuute). 

Below  this  are  a  few  feet  of  shale,  tfaen  another  strong  bitusk  streak, 
uiotber  mass  of  olive  shale,  and  a  thick  mass,  six  feet  or  more  in  thick- 
ness, of  brown  black  shale  (A'),  with  Sporangilen  aud  strong  ^letroleuni 
odor;  umler  this  is  seen,  in  the  bed  of  the  stream  in  the  village,a  gray 
sandstone,  A',  very  similar  to  the  bed  at  the  base  of  472  U,  calcare>ous, 
with  petroleuui  smell  aud  traces  of  criuoid  stems,  but  no  other  fossils 
were  detected.  This  base  is  not  far  from  100  feet  below  A'^  aud  at  au 
altitude  a  little  over  1,200  feet  above  tide. 

It  will  be  seen  from  this  descriptioa  that  the  black  shales  continue  to 
recur  frequently  up  to,  say,  1,250  feet  altitude,  and  are  represented  by 
a  stratum  of  six  inches  average  at  1,300  feet.  If  we  compare  this  sec- 
tion with  that  at  Portjigo  Falls,  wo  appear  to  be  perfL'ctly  justified  iu 
regarding  it  as  equivalent  to  the  rocks  underlying  the  u  pper  falls,  that 
is,  entirely  bt'low  tho  geuuiuo  Portage  sandstones.  This  conclusion  ap- 
pears to  be  supported  by  the  general  nature  of  the  strata  as  well  as  by 
their  stratigraphic  order.  Though  lying  at  a  considerably  higher  altj- 
tade  than  tho  Portage  Falls  sandstones,  the  facts  of  the  apparent  run- 
ning out  of  the  bla^'k  shales  and  of  the  absence  of  any  thick,  massive 
sandstone  up  to  the  top  forbid  co-ordinating  it  with  lower  strata  of  the 
Portage  section,  where  the  black  shales  are  frequent,  or  with  strata 
above  the  Portage  sandstones,  where  the  black  shales  cease  to  appear. 
But  the  occurrence  of  the  Spirifera,  of  decidedly  Chemung  type,  shows 
plainly  that  when  the  sandstone  475  A^  was  deposited  the  Chemong 
fauna  could  not  have  been  geographically  far  distant  aud  was  in  fall 
force  somewhere. 
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CHAPTER  HI. 

THE    PORTAGE    SANDSTONES    AND    THE   FAUNAS   OP   THE   CHE- 
MUNG   GROUP. 

As  we  approach  the  soathern  boundary  of  Wyoming  County  the 
Portage  sandstones  form  the  principal  rock  outcrops  and  slight  traces 
of  the  Chemung  fauna  begin  to  appear.  Crossing  into  Allegany  County , 
the  Chemung  rocks  are  the  only  rocks  on  the  hills,  though  in  the  north- 
east comer  of  the  county  the  lower  rocks  are  still  Portage,  and  in  the 
southern  part  of  the  county  the  higher  hills  are  capped  by  conglom- 
erates—  the  flat  i>ebble  conglomerate  in  several  places,  but  the  Olean 
conglomerate  at  Little  Genesee. 

The  group  of  rocks  included  in  this  chapter  are  represented  at  the 
following  stations : 

Wyoming  County:  Arcade,  474;  Allegany  County:  Eushford,  476; 
Cuba,  477;  Black  Creek,  478;  Rock ville,  479 ;  Belfast,  480;  Caneadea, 
481.    Here  is  also  included  the  section  at  Portage  Falls,  482. 

PortageTille,  liTingiton  County,  N.  I.— 481. 

The  Portage  sandstones,  as  seen  in  section  482,  were  early  recognized 
as  an  important  member  of  the  Upper  Devonian  series  in  Western  New 
York. 

Frofl  James  Hall,  in  the  first  reports  of  the  State  survey,  described 
them  as  exposed  at  Portage  Falls  and  regarded  them  as  characterizing 
the  close  of  the  Portage  formation  and  separating  it  from  the  Chemung 
group  above. 

"The  upper  part  of  the  Portage  group,''  he  says  (G-eol.  of  N.  Y.,  4th 
dist.,  1843,  p.  484),  "  consists  of  a  mass  of  slightly  argillaceous  sand- 
stone, compact  and  fine  grained,  from  150  to  200  feet  thick,  in  some 
places  containing  pyrites  which  stain  the  rock  an  iron  rust  color.  This 
rock  is  quarried  in  blocks  from  1  to  3  feet  thick,  and  of  any  required 
thickness  and  any  required  size ;  it  breaks  easily  when  first  quarried 
and  will  scarcely  stand  the  vicissitudes  of  climate." 

These  Upper  Portage  sandstones  are  regarded  in  the  early  reports  as 
characteristic  of  the  termination  of  the  true  Portage  series  in  this  part 
of  the  State.  The  presence  of  the  f<  vertical  fucoids"  in  this  heavy 
sandstone  is  another  character  marking  the  terminal  mass.  (See  op.  cit, 
p.  248.)  But  it  did  not  escape  the  acute  observation  of  the  New  York 
State  geologist  that  these  distinctions  between  groups  of  continuous 
sedimentary  deposits  must  be,  from  the  nature  of  things,  provisional 
and  in  great  measure  local. 

The  re-examination  which  I  have  made  of  these  deposits  brings  to 
light  another  fact,  viz,  that  the  conditions  associated  with  and  marked 
by  the  deposition  of  these  gray  sandstones — which  were  generally 
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Bligbtty  GiitcareoaB,  and  when  troah  distinctly  bitcmiuoaa  to  the  smell 
and  abowing  almost  universally  the  preaouce  of  the  "  vertical  fucoids" 
at  their  upper  junction  with  the  shales  —  were  the  conditions  regularly 
■SaWiivring  the  termination  of  the  blavk  shales.  Although  io  some  cascx 
'  tiiere  may  have  been  tbin  deiwaits  of  the  sandston(-3  between  black 
flUalen,  it  is  not  uutil  after  the  cessation  of  the  Devonian  black  shales 
that  these  massive  gray  sandstones  appear  in  full  force.  When  they  aji- 
peur  in  the  midst  of  the  Portage  shales  coutuiuiug  the  Portage  fauua 
they  arc,  so  far  as  observed,  barren.  The  lower  down  in  these  Porttigu 
shales  we  find  them,  the  darker,  the  more  finely  gi-aiued,  and  the  more 
impnroare  they  by  admixture  of  argillaceous  matter;  and  after  reaching 
the  Chemung  faoiias  the  sandstouos  are  of  lighter  color  in  the  western 
areas  of  the  State  and  of  purer  sand  and  coarser  grain  in  proportion  to 
tbe  lateness  of  the  beds  in  the  general  Chemuug  series. 

The  altitude  of  these  saudatone  deposits  at  Portage  Falls  is  between 
1,10U  and  1,200  feet  above  the  sea.  The  New  York,  Lake  Erie  and 
Western  Bailroad  bridge  passes  over  the  gorge  at  an  elevation  of  1,314 
feet  above  tide  level.  The  top  of  the  qtuirry  sandstone  is  about  lOfl 
feet  below  the  bridge,  or  say  1,200  feet  altitude.  Good  quarry  stones 
t  are  found  at  the  level  of  the  old  canal  road,  which  is  at  an  altitude  of 
>  1,125  feet  to  1,130  feet  along  these  cliffs,  and,  even  considerably  lower, 
I  thick  courses  of  the  sandstone  are  seen,  but  there  the  shales  prevail. 

Tlio  prevailing  color  is  a  pure  light  gray  of  slightly  olive  tint,  abon 
the  same  shade  as  the  Kockville  stone,  somewhat  lighter  than  the  appei- 
etone  of  Wyoming  County,  north,  and  darker  than  the  upper  Bashford 
stone.  The  Cuba  stone  has  a  decidedly  lighter  shiide  and  a  more  open 
and  coarser  texture.  No  fossils  have  been  seen  iu  tlicse  typical  Porlr 
age  sandstones.  The  black  shales  are  recognized  nearly  up  to  the  up- 
per fall,  which  may  be  regarded  as  the  first  genuine  stratum  of  the 
sandstone,  but  no  black  shales  have  been  detected  by  me  in  this  sec- 
tion above  the  strong  stratum  of  3  or  4  feet  thickness  of  this  sandstone, 
luterstratifled  with  the  black  shales  below  are  seen  the  regular  gray  and 
olive  shales  of  the  Portage  group,  containing  the  Portiigo  fauua,  OaHMa 
speeiosa,  Qoniatitea  complanatus,  Paltraneito  plana,  var. 

The  lighter  colored  bands  have  the  peculiar  nodular  structure  fre- 
quently found  in  the  Portage  formation.  The  highest  baud  of  black 
shale  I  saw  in  the  ravine  contained  a  few  well  defined  si>ecimens  of 
SporangiteH.  The  petroleum  odor  associated  with  all  these  gray  sand- 
stones following  the  black  shales  of  the  Portage  group  gives  strong 
reason  for  the  opinion  that  they  are  the  sandstones  which  occur  farther 
south,  and  there,  covered  by  thick  masses  of  overlying  strata,  contain 
the  oils  reached  by  drilling. 

BcGrti  HuiiTrj',  Jrefldt,  Wyoming  Counly,  i\.  Y. — 474  A. 

This  quarry  is  on  the  hillside  south  of  Arcade,  about  Uiree-fourthB 
of  a  mile  from  the  center  of  the  town  and  east  of  the  cemetery.    The 
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top  of  the  main  qilarry  Btone  ledge,  A^,  is  approximately  1,600  feet 
above  tide.  Tliis  altitad#  is  based  upou  railroad  grade  at  Arcade  and 
measoiement  from  that  by  aneroid  barometer.  Both  Locke  level  and 
barometer  have  been  used  in  obtaining  levels  in  this  survey,  and  while 
1  regard  them  as  approximately  correct  for  purposes  of  geological  com- 
])arisons  of  levels  of  the  respective  rock  exposure^,  they  may  often  vary 
several  feet  from  the  absolute  altitude  above  sea  level.^ 

The  region  north  of  Arcade  for  several  miles  is  high  rolling  land,  with 
heavy  soil,  and  directly  north  no  rock  exposures  are  met  with  till  pass- 
ing  beyond  the  sumpiit  in  Java  township. 

The  quarry  474  A  is  composed  of  the  following  courses  from  below 
iij)ward:  ' 

A®. — Three  foot  sandstone,  fine  working  and  soft  when  first  quarried, 
running  below  the  base  of  the  quarry  as  now  worked.  This  is  followed  by 

A^ — Six  inches  of  soft,  blue,  argillaceous  shale,  weathering  quickly 
into  a  tough  clay; 

A'  is  a  16  inch  sandstone,  compact ;  and 

A^  is  six  or  seven  inches  of  thin  parting  of  soft  blue  shale;  then  six 
inches  irregular  sand;  then  slate  with  sandstone  veins  and  masses,  or 
what  may  be  called  a  clay  breccia,  appearing  as  if  it  were  a  clay  bot- 
tom which  had  assumed  some  solidity  when  it  was  violently  disturbcMl 
by  the  rapid  insertion  of  the  sand,  often  with  mica,  so  that  the  clay 
nodules,  like  broken  lumps,  are  in  the  lower  layer  of  the  sand  and  all 
mingled  with  it.  This  peculiar  condition  of  rocks  has  been  observed 
in  several  localities,  associated  with  the  incoming  of  the  conditions  in 
which  the  Ohemung  fauna  appears.  A  similar  rock  appears  farther 
east,  at  the  base  of  the  Gatskill  rocks. 

A*. — Then  follows  a  13  inch  sandstone,  compact  and  calcareous;  at 
the  top  of  this  sandstone,  separating  it  from  the  course  lying  above,  is 
another  layer  of  the  peculiar  claystone  conglomerate ;  then  a  20  inch 
course  of  sandstone ;  then  a  6  inch  course. 

A*. — The  whole  is  terminated  by  an  uneven  mass  of  the  clay  pebbles, 
embedded  here  in  a  calcareous  mass  of  purple  color,  with  some  sand, 

*  Thoagh  I  have  employed  an  aneroid  considerably  in  the  past  few  years — usiii^if  a 
Troaghton  Sl  Simms  registered,  compensated  for  temperature — so  far  as  the  macliinory 
\R  concerned,  I  am  convinced,  after  trying  several  instruments,  that  the  more  delicate 
the  instrument  the  more  certain  it  is  to  be  affected  by  the  atmospheric  tluctuatiouM 
and  to  record  only  approximately  altitudes  which  require  more  than  ten  minutes  in 
paasing  between  them,  even  under  like  conditions  of  temperature;  and  in  the  field, 
without  a  stationary  barometer  for  comparison,  altitudes  determined  by  a  single  read- 
ing OMinotbe  considered  as  more  than  approximately  correct  when  pressure  of  atmos- 
phere is  the  basis  of  the  determination. 

All  the  altitudes  given  in  this  report,  unless  particularly  stated  as  railroad  (j^rade, 
must  be  regarded  as  subject  to  such  correction.  The  error  in  any  case,  however^  I  do 
not  believe  is  enough  to  seriously  affect  the  geological  considerations  for  which  the 
measurements  are  made,  as  in  each  case  the  diurnal  fluctuations  and  the  changes  in 
temperature  have  been  taken  into  account,  as  well  as  the  general  atmospheric  condi- 
tions, in  making  up  the  estimated  altitude. 
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but  )iritieipa11y  calcareous  matter  conipoeed  of  fmgmenta  of  sliells  amt 
hryosson  and  crinoid  stems,  very  much  piilvemeil,  but  sliowitig  ttieir 
source  in  the  occasional  fragments,  large  enough  to  esamine.  and  tar 
ininatin^  above  iu  eoft.,  argillaceous  shales. 

In  tliis  quarry  the  sandstones  are  of  a  gray  color,  rvpathering  browniab 
or  chocolate,  then  bleaching  upon  long  exposnrf  to  a  purer  gray,  anil 
Bome  fresh  specinieira  gave  a  strong  petroleum  odor.  No  Verlkalu  bor> 
iugs  were  detected.  Even  weathered  samples  are  calcanwtui,  hut  fresh, 
light  gray  samples  are  highly  calcareous,  and  the  purple  layers,  snob 
as  terminate  A*,  are  more  calcite  than  sand. 

The  layei'e  of  soft,  green,  argillaceone  sbale,  whether  in  layers  or  in 
pebble-like  nodules  embedded  in  the  sandstone  or  limestone,  are  not  c»i- 
careous.  There  appear,  also,  at  these  intervals,  between  compact  sand- 
stone and  thick  strata  of  green  shale,  thin,  vein-like  streaks,  very  nn- 
even  but  in  the  main  horizontal,  strati&ed  with  the  shales,  of  nearly  jnm 
quartz  sandstone,  varying  from  a  sixteenth  of  an  inch  to  an  incli  or  to 
in  thickness.  They  are  often  pure  white  or  very  light  gray,  with  not 
a  trace  of  calcite.  There  are  also  frequent  partiugw  of  grains  of  mica, 
forming  very  evenly  laminated,  flaggy  layers,  from  a  quarter  of  oil  inch 
to  several  tnchea  thick. 

In  the  arenaceous  limestone  layers  there  are  traces  of  several  fosail* 
which  are  decidedly  distinct  from  the  Portage  fauna.  The  limestone 
has  a  purplish  tint  and  is  distinctly  crystalline  in  some  part».  'It  ap- 
pears to  weather  quickly  by  solution  of  the  calcite^  leaving  a  greenisli 
brown,  loose,  crumbling  sandstone.  Among  the  pulverized  fossils  Keveral 
generic  characters  were  identified  (but  they  are  too  fragmentary  for  the 
determination  of  specific  relations) :  little  bryozoan  stems  like  CerUtpora, 
numerous  small  sections  of  crinoid  stems,  pieces  of  a  bracbiopod  witli 
the  structure  of  OrthU,  a  small  Spirifern  with  plications  in  the  ventral 
fold,  another  portion  of  the  beak  of  a  Spirlfera,  which  may  be  the  sama 
species,  the  surface  characters  not  visible.  From  the  fragments  ob- 
tained the  Spirifera  appears  to  be  of  the  S.  Arohinci  type  of  5.  dit- 
juru;ta,  near  S.  Wkitnej/i  Hall  or  S.  Orestes  Hall  &  Whitfield,  from  the 
Kockford  beds  of  Iowa.  Although  it'is  not  i)ossibte  to  strictly  identify 
the  species,  it  is  important  to  note  that  it  is  a  representative  of  the 
group  of  spirifers  so  common  in  the  Ohemuug  group.  In  some  parts 
of  this  strange  deposit  are  found  numerous  bivalve  cmstacea,  Estheria 
and  Leperditia,  and  Entomin  f,  the  latter  of  a  green  color  or  filled  witb 
green  phosphaticf  mud.  In  section  475  the  sandstone,  475  A^,  has  * 
Spirifera  similar  to  those  just  mentioned. 

Although  in  both  cases  we  see  only  slight  traces  of  the  fauna,  I  feel 
confident  that  what  we  do  have  is  not  the  disintegrated  material  of  an 
earlier  age,  but  signifies  the  presence,  at  no  great  distance  geographic- 
ally, of  the  fauna  which  we  know  immediatdy  followed  the  close  of  the 
Portage  while  these  dejiosits  were  being  made.  The  nature  of  the  de- 
posit and  its  associations  are  very  simdar  to  the  calcareous  stratum  at 
High  Point,  Naples,  Ontario  County,  in  which  a  peculiar  fauna  for  New 
York  rocks  was  discovered,  an  account  of  which  is  given  in  Am.  Jour. 
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of  8c.,  3  d  ser.,  p.  Vol.  XXV,  pp.  97-104, 1883.  There  is  nothing:  in  the 
fragments  found  in  stations  474  A  and  475  A  to  prevent  them  from  be- 
longing to  the  same  fauna  and  the  probability  is  strong  that  they  are 
from  a  common  source.  Further  search  should  be  made  for  this  inter- 
esting forerunner  of  the  Chemung  fauna  of  Kew  York. 

Although  the  precise  equivalency  may  not  be  determinable  between 
this  particular  limestone  deposit  and  any  other  series  of  deposits  in 
which  this  fauna  does  not  appear,  it  is  a  very  suggestive  fact  that  here 
for  the  third  and  fourth  times  traces  of  the  Iowa  Devonian  fauna  occur 
in  New  York  deposits  just  at  the  point  of  transition  from  the  Portage 
fauna,  which  seems  to  be  peculiar  to  the  east,  to  the  Chemung  fauna, 
which  occupied  the  interval  between  ifc  and  the  lowest  coal  formations. 

Biikford,  Allegany  Connty,  N.  Y.— 476. 

The  altitude  of  Bushford  at  the  railroad  station  I  estimated  by  ane- 
roid readings  running  from  Attica  and  to  Cuba  to  be  nearly  1,500  feet. 
These  were  long  runs,  but  as  they  were  severe  tests  upon  the  accuracy 
of  this  kind,  of  estimate  of  altitude  it  was  gratifying  to  learn  later, 
through  Mr.  W.  E.  Wormelsdorf,  the  engineer  of  the  railroad,  that  the 
measured  altitude  of  Bushford  station  was  1,504  feet  above  tide.  By 
aneroid  estimates  the  deposits  476  G®  are  1,350  feet  or  less,  481  A  is 
about  1,600  feet  in  altitude,  481  B  near  1,700,  and  476  A  is  not  far  from 
1,770  feet  above  tide. 

The  dip  along  Caneadea  Creek  is  slight;  near  A  it  is  perceptibly  north- 
ward, but  nearly  level  elsewhere,  and  it  Is  probable  that  here  is  the 
southern  rise  of  the  gentle  undulations  in  the  rocks  which  produce  but 
slight  variation  in  the  general  southerly  dip  of  the  rocks  in  this  part  of 
the  State.  The  dip  is  rarely  more  than  fifty  feet  per  mile  and  except 
in  very  limited  areas  rarely  less  than  fifteen  feet  per  mile  south  westward. 

The  section  476  A  is  a  ledge  exposed  alongside  the  railroad  near  the 
bridge,  No.  67,  between  two  and  one-half  and  three  miles  north  of  Bush- 
ford. 

A'. —  At  the  top  are  exposed  six  feet  or  so  of  soft,  argillaceous  shales 
which  weather  to  an  olive  green ;  no  fossils  discovered;  mica  partings 
are  seen,  and  by  continuous  deposition  of  the  mica  occasionally  sheets 
an  eighth  of  an  inch  thick  separate  the  soft  shales. 

A*. —  Under  the  shales  are  about  six  feet  of  sandstone  and  mixed  sand 
and  clay.  The  sandstone  at  top  is  rather  coarse,  of  loose  texture,  with 
occasional  mica  grains,  with  some  iron  stain  and  occasionally  ironstone 
nodules,  not  calcareous,  weathering  brown,  dark  brown,  to  almost  choco- 
late black.  The  sandstone  rests  on  a  kiud  of  mixture  of  sandstone  and 
clay  nodules,  with  large  roundish  masses  of  micaceous  limestone  or  con- 
cretions of  dark  greenish  gray,  with  much  mica  and  fragments  of  wood 
fossilized.  These  calcareous  masses  have  the  petroleum  odor  common 
to  many  othersimilar  masses.  Where  they  are  in  contact  with  the  shales 
fossils  appear. 

A'  is  a  second  shale  underlying  the  mass  A^;  it  is  a  bluish,  fine,  mud 
shale,  not  so  evenly  bedded  as  A^,  but  breaking  with  conchoidal  fracture 
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■wlieii  not  wcfttliered ;  Ihia  is  veiiie*!  witli  horizontjil  strcHkK  of  :ilui<Hit 
!  pnre  silicious  sand,  very  light  gray,  with  rough  mirfHoo,  oftpn  showing 
f  ^orm  tracks.  In  the  midst  of  the  shnle  is  nn  iiiiev«u  mass  of  saRdntniip 
t  similar  to  that  above,  varying  from  eight  to  ten  inches  in  thirkne^s,  ami 
j  bolow  are  shales  similar  to  those  at  tlie  top.  In  a  part  of  the  ox|>08nr(^ 
F  the  color  of  the  sandstone  of  A'  at  the  jnnctnrc  with  the  clay  nodules 
f  (whether  from  wpathering  or  not  is  not  apparent)  is  a  dmdedly  brownisb 
I'twd,  the  red  of  the  Catskill  rooks  farther  east,  and  the  sandstone  ih 
^  slightly  calcareous.  It  contains  a  nniqno  fainia,  though  mingled  with 
►  -flonie  Chemung  types. 
Tinna  of  tbe  Ccntionrlla  Red  Band.— (76  A . 

Uf  the  fossils  thv  nio.st  abundant  form  is  a  small  terebratnloid  shell. 
Iti  size  and  general  form  moat  closely  resembling  Centronella  Julia 
Winchell,  of  the  Marshall  sandstones.  Next  to  this  in  abundanue  is  it 
targe,  winged  form  of  Spirifera  diyaneta. 

There  are  also  — 
Ehyimkonella  f  cnmen/era  Wiuchell. 
Productella  Shnmardiatta,  var. 
Pleurotomaria,  sp. 

RhyiushoneUa  contracta,  var.    {See  PI.  54  A,  Figs.  50,  51,  and  pp.  417,  -lis, 
Geol.  Surv.  ofN.  T.,  Pal.,  VoI.lV,  Pt.  I,     The  8|>ecimens  of  this 
station  resemble  tbe  finer  plicated  forma  of  Ilockford,  Iowa,  whioli 
were  referred  to  R.  tx)ntracta,  var.,  and  in  a  note  were  said  to  n- 
seinble  young  of  R.  cximia  ITall.) 
ytteula,  n.  sp.,  marked  like  a  Jf^.  lamellata,  but  in  ontline  approaching  a 
Qrammgsia  Jlannibalenais  (such  as  Meek  gave  in  PI,  XVI,  Fig. 
5c,  Geol.  Surv.  of  Ohio,  Vol.  II,  Pal.). 
A'ucula,  n.  sp.,  gibbous,  Quadrate,  beak  nearly  central. 
Gptherodon  {Schvatdus)  pauper  t 

Crania,  sp.  ., 

Ambooalia  umbonatOy  var.  recta. 
JITafioopm  f  sp.,  an  allied  form,  new. 
An  incrasting  Bryozoan — fragments. 
Orinoid  stem  fragment. 

476  B  is  a  little  outcrop  of  six  fe«t,  about  thirty  feet  below  476  A.  It 
is  mainly  thin  layers  of  a  very  tongh  sandstone  intfirstratified  with  softer 
shales.  Tbe  sandstone  is  light  colored,  not  calcareous ;  in  one  stratam 
the  sandstone  is  very  calcareous  and  appears  to  be  a  concretionary 
layer,  not  in  balls,  bat  nearly  continuous. 

B'. —  The  sandstonecontnins  several  fossils;  the  first  two  species  in 
the  list  are  abundant. 

Tjeiorhynchui  mexocostalig,  varying  to  L.  sinuatus. 
Amboetelia  umbonata. 
Rhynchonella  contracta,  var. 
Prodttotella  specioaa  to  P.  kirsuta. 
^irifera  meaocoatalU,  second  and  first  varieties  with  mediaD  Bepttun. 
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Streptarhynchus  f  (small). 
Orthis  impressa  f  large  ( faint). 

B'. — In  a  softer  piece  of  shale  from  this  horizon  a  Spinfera  dUtjuncta 
was  seen. 

B^ — The  calcareous  streak  contains  Amboccelia  and  traces  of  the  Strep- 
tarhynehus. 

The  form  and  variation  of  the  species  of  the  sandstone  B^  are  ver^ 
similar  to  the  species  met  with  several  hundred  feet  lower  in  a  similar 
stratum  in  the  shales  at  476  6. 

The  outcrop  476  0  is  near  bridge  No.  59  and  may  be  fifty  feet  lower 
than  A.  The  principal  stratum,  0\  is  a  strong,  massive  sandstone  of 
six  feet  thickness  at  the  bottom  of  the  exposure,  with  soft  argillaceous 
shales  above  for  fifteen  or  twenty  feet,  interrupted  by  an  irregular 
stratum  (G^)  of  sandstone,  averaging  about  a  foot  in  thickness,  in  the 
midst  of  arenaceous  shales,  and  in  places  becoming  coarse  sand  of  loose 
texture,  weathering  yellow  upon  exposure.  At  one  part  of  the  expos- 
ure the  sandstone  is  very  coarse,  more  like  a  fine  conglomerate,  with 
pebbles  as  large  as  an  eighth  of  an  inch  in  diameter  and  of  flattened 
form,  resembling  in  general  character  of  the  mass  the  lowest  conglom- 
erate or  flat  ]>ebble  conglomerate,  as  seen  at  484  D  and  other  places. 
This  contains  fossils,  as  will  be  seen  beyond.  0^,  a  shaly  mass  underly- 
ing this  seam,  contains  also  fossils  of  a  decidedly  Chemung  type.  This 
is  strongly  calcareous  in  places. 

A  calcareous  slab  from  the  bed  of  the  creek  appears  to  be  from  the  same 
stratum,  and  its  fauna  will  be  given  under  476  B^,  as  it  contains  in  fine 
state  of  preservation  several  species  not  found  in  the  exposure  in  place. 

On  going  down  to  the  village  thicker  ipasses  of  conglomerate  were 
found  in  the  fences.  This  conglomerate,  in  the  character  of  the  gravel 
composing  it  and  the  fossils  contained,  appears  to  be  identical  with  476 
C  in  its  coarser  parts,  and  it  is  reasonable  to  infer  that  the  conglomer- 
ate in  the  fences,  with  Chemung  fossils  and  appearing  there  in  slabs  of 
several  inches  thickness,  is  from  the  same  horizon  as  476  C^  or  was  de- 
posited at  a  recurrence  of  the  same  conditions  higher  up  ;  476  A  ap- 
proaches very  closely  to  the  same  conditions.  In  the  latter,  coarse,  loose 
sand  is  seen,  with  a  few  pebbles,  but  no  mass  of  gravelly  sand  or  fine 
conglomerate. 

476  C  is  a  fine,  massive  sandstone,  in  thick  courses,  without  shales,  of 
6  feet  thickness.  The  bottom  courses  are  stained  brown  upon  weather- 
ing and  show  mica  grains  conspicuously  through  the  mass.  A  single 
fossil  was  found  in  this  part  of  the  sandstone,  a  dorsal  valve  of  a  large 
ProducteUay  which  may  be  defined  as  a  large  quadrate  P.  loQhrymo^a^ 
moderately  gibbous  for  a  dorsal  valve  and  showing  clear  indications  of 
the  radiating  wrinkles  which  are  more  prominent  in  carboniferous 
species.  The  upper  part  of  the  sandstone  is  in  a  course  of  some  2  feet 
thickness  as  it  appears  in  the  ledge,  massive,  a  pure  gray,  of  uniform 
texture,  with  strong  petroleum  odor  upon  fracture,  which  the  specimens 
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%ave  not  lost  after  six  montUs  in  a  dry  room.  There  is  only  a  faiot  trace 
Lof  ciilcareourt  uiatter  in  tbcso  sauds  ami  tbe  npper  courses  sbow  only  a 
Lfllight  yellowish  tint  of  gray  ui>on  weatbering. 

Above  the  sandstone  (J'  are  soft  shales  (C),  tending  toward  a  green 
L  color  al  first  and  strongly  iron  stained  on  weathering;  ou  passing  up' 
ward  a  few  feet  the  shales  become  sandy  (G^)  and  in  places  calcareons. 
The  fauna  appears  to  be  the  same  for  both  and  the  iithological  cbarac- 
ters  seem  to  vary  locally  in  the  relative  promiiieoce  of  the  shales,  sandy 
shales,  or  calcareous  layers. 

C  contains  the  following  fanna : 
Spiri/era  mesocostttUs  (common),  var.  2  and  3,  with  high  area  and  strong 

median  septum. 
Athyris  Awfelica,  several  specimens,  but  not 
Spiri/era  disjuHCta^  var.  like  S.  Whitneyi.- 
Bkynckomlla oontracta,  var.  (small)  eomuion. 
■  Produotella  kirxuta  T,  rare. 
Streptorhymihus  Ckemungeiisis,  several. 
Centranclla  Julia,  rare. 
Mytilarca  Chemungensi^,  one  specimen. 

A  flue  slab  filled  with  fossils  was  found  in  the  bed  of  the  creek  between 
O  and  B,  and  marked  B'.  The  fauna  of  476  B",  as  well  as  the  character 
of  the  rock,  leads  me  to  regard  it  as  belonging  to  the  same  horizon 
476  C^  It  is  more  fossiliferous  and  is  a  calcareous  mass  which  has  iii 
all  probability  fallen  down  from  the  clift'  at  some  point  the  continuation 
of  476  C^ 

The  species  identified  are : 
Streptorhynchus  Chemungensis,  large,  gibbous,  of  the  (]uadrate  form,  with 

mucronate  ears. 
Spirifera  dUtjuncta,  the  variety  with  high  area  and  quadrate  form. 
SpiriferaT  Whitneyi,  a  single  specimen  presenting  some  of  the  charac- 
teristics of  this  Iowa  form,  but  comparison  of  many  forms  leads 
me  to  think  this  but  an  extreme  form  of  the  A',  dixjuneta  type. 
Rkynchonella-  contractn,  a  small  variety,  resembling  var.  sajiatHi»  Hall, 
Geol.  N.  Y.,  Pal.,"  Vol.  IV,  Pt.  I,  p.  417,  PI.  54 A;  also  another 
variety  very  similar  to  Fig.  2.1,  PI.  55,  but  not  belonging  to  the 
species  R.  duplicata,  to  which  that  figure  is  referred. 
Prodvctella  costatula,  with  concentric  wrinkles. 
Athyris  Angelica. 
Orthia  Mickelini. 
Ckrmetes  acilula. 
Centronetla  Julia. 
Chtrtetes,  sp. 
Productella  onvsta, 

476  C  is  an  outcrop  of  sandstone  sonth  of  the  exposure  of  C  and 

Bomewbat  higher.    I  was  not  able  to  trace  its  exact  equivalent  iu  the 
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cliff  above  0^  and  conclade  that  the  character  of  the  seam  rapidly 
changes.  At  0*  it  is  not  over  a  foot  thick,  not  massive,  but  is  a  coarse, 
sandy  layer,  tending  to  pebbly  conglomerate  in  places,  weathering  yel- 
low, and  is  in  the  midst  of  the  same  soft,  rough  shales  which  lie  above  C-. 

The  fossils  are  Streptorhyncims  Chemungensis  (large),  RhynclimieUa  con- 
tmeta^  Spirifera  mesocostaliSy  and  some  crinoid  fragments.  Markings, 
like  those  called  Fucoides  graphical  are  conspicuous  on  the  surface  next 
the  shales.  The  sandstone  is  hard  and  very  compact  in  some  parts ; 
in  other  places  it  suddenly  becomes  coarse  and  loosely  agglutinated, 
and  contains  pebbles  an  eighth  of  an  inch  in  size,  forming  a  fine  gravel 
conglomerate. 

470  O  is  a  coarse  sandstone  forming  a  stratum  above  0^  and  is  proba- 
bly the  continuation  of  0^.  It  is  a  loose  grained,  coarse  sandstone, 
weathering  yellow,  not  massive,  but  apparently  a  local  bed.  It  con- 
tains — 

Spirifera  mesocoataliSy  second  and  third  vars.,  with  strong  median  septum 

and  moderately  high  area. 
Productella  lachrymosa. 

Bhynchonella  contracta,  varying  to  the  form  called  R,  suborhicularis. 
OHh%8  impressaj  large,  broad  form  (frag.). 
Orihis  (Mickelini  or  Vantuceini)^  small. 
Cenivonella  Julia. 
RhynchoneUa  cantrcLcta  (small  var.). 
BeUeraphoH  mcera  f  (internal  casts). 
Orthocer€b8  Demua  f 

O*. — Other  slabs  of  sandstone  were  found  loose  in  the  creek  below  with 
a  similar  fauna.  In  one  hard  silicious  layer  the  following  association  of 
species  was  met : 

Leiarhynchm  of  the  L.  sinuatus  and  L.  mnlticosta  types. 

Productella^  resembling  1\  hirstUaj  but  with  strougly  wrinkled  margins. 

Amhocodia  umbonata, 

Spirifera  mesocostaliSy  second  var.  with  median  septum. 

These  sandstones  (C^  C,  and  C*)  are  not  calcareous,  but  are  more 
purely  silicious  than  the  ordinary  sandy  layers  of  this  neighborhood. 
The  loose  conglomerate  masses  met  with  in  the  fences  between  470  A 
and  Bnshford  are  composed  of  fine,  silicious  pebbles,  often  dark  in  color, 
but  after  weathering  coated  with  a  dark  brown  covering  of  iron  stain. 
The  pebbles  are  of  the  flat  form  met  with  in  the  lower  conglomerates 
farther  south,  and  the  masses  appear  to  be  at  best  only  a  few  inches 
thick,  grading  at  their  upper  or  lower  surfaces  into  coarse  sandstone. 

The  following  species  were  found  in  these  fragments  : 

Spirifera  di^wncta. 

Spirifera  mesocostalis,  with  median  septum,  the  small  and  the  coarse 
type  both  represented. 
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','  Enom^al%is,»p,  T  This  is  represented  byonly  u  fragment,  |>ut  it  hastlie 
i;liaracter  of  tlii«  geuus  bo  fur  as  it  goes, 
lu  these  luoru  uortLern  cxliibitioiiB  of  the  tint  pebble  and  fine,  polished 
gravel  conglomerate  the  fossils  associated  leave  no  doubt  as  to  their 
general  position  iu  tbo  series.  The  presence  of  Spin/era  meaoeoiialit 
with  Spiri/era  dinjunifta  shows  ua  that  this  conglomerate  was  not  re- 
Atrieted  to  the  closing  stage  of  the  life  history  of  the  Ohemuug  faunas. 
In  middle  and  southern  Allegany  County  S.  metocoiitalis  biu\  been  ab 
sent  from  the  faunas  a  long  time  before  the  laying  down  of  the  typical 
deposits  of  the  flat  pebble  conglouiemto  occuireil,  ai^  at  Wolf  Creek 
and  Portville.  The  period  of  the  deposit  of  the  Ulean  (the  PortvillBl 
conglomerate  was  doubtFess  of  long  continuance,  a  period  of  violent 
oscillation,  of  rapid  erosion,  and  of  rapid  spreading  out  of  the  coarse 
&ediment«.     It  put  an  end  to  the  marine  conditions  for  all  this  east«rD 

,  urea  and  closed  Ihe  Devonian  age.    But  my  study  of  the  section  herein 

'  discussed  revealH  the  general  law  that  the  faunas  of  the  Upper  De- 
vonian in  tliis  area  maintained  their  integrity  longer  the  farther  distant 
they  were  from  the  center  of  origin  of  the  sedimenbi,  which  must  have 
been  somewhere  in  the  region  of  the  Appata(;hian  axis,  and  also  that 

,  the  coarser  shore  deposits,  worn  pebbles  and  gravel,  were  occasionaUf 
carried  out  and  spread  over  the  bottom  during  a  comparatively  early 
stage  of  the  Upper  Devonian  faunas. 

Interpreting  this  for  Western  and  Central  Pennsylvania  I  sboald  ex* 
pect  there  to  find  greater  thickness  and  more  numerous  deposits  of 
coarse  sand  and  worn  pebbles  below  the  Olean  conglomerate,  extend- 
ing far  down  into  the  Chemung  period,  as  raarkwl  by  the  life;  but! 
should  expect  the  fossils  to  be  rare  after  the  appearance  of  the  red  aiid 
micaceous  green  shales,  and  the  few  that  did  appear  should  represent 
earlier  stages  of  the  faunas  than  those  appearing  in  like  litUological 
conditions  iu  Western  New  Tork. 

Caneadca  Crteh,  below  Enst  Rushforii.— 47G  G. 

This  section  continues  from -HSl  C  upward.  The  shales  at  the  baseO*  I 
are  more  bluish  than  lower  down,  but  are  fissile  and  weather  mnch  in 
the  same  way.  They  contain  more  fossils  and  a  few  more  species,  bnt  I 
they  are  evidently  of  the  same  fauna.  The  streaks  of  hard,  neari; 
white,  silicious  material  are  more  frequent,  and  calcite  appears  in  thin, 
greenish  white,  argillaceous  layers.  Mica  appears  occasionally,  pep- 
pering the  surfaces  of  some  of  the  thin  shales. 

470  G"  contains  the  following  species : 
Leiorhtftichits  mesocosfalis,  abundant  in  layers. 
Leiorhynchus  multicostn  (or  L.  sinuata],  var, 
Orthis  impresga,  large,  wide  form,  frequent. 
Spirifcra  megocosialis,  second  var.,  mucrouated,  rare. 
Amimealia  vmbonata  Halt,  var. 
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BhynchotieUh  Stephanij  var.  approaching  JS.  Saffbrdi  var. 

Athyris  Angelica, 

Worm  tracks. 

ProducteUa  laohrymosaj  var.  sHgnuita. 

The  Leiorhyfichns  is  more  common  where  the  shales  and  sandy  layers 
meet. 

In  the  higher  layers  Of  the  shale,  where  the  sandy  character  becomes 
*  predominant  (O^),  there  is  a  Rhynchonella  difficult  to  distingnish  from 
the  more  regnlar  forms  of  the  Leiorhynchus  occurring  below.  One  of 
them  is  distinctly  the  Rhynchonella  contracta  of  Hall  (PI.  55  A,  Fig.  30, 
Pal.  N.  Y.,  Vol.  IV,  Part  I).  Others  are  irregular  in  the  plications,  more 
like  Leiorhynchus  multioosta  Hal),  and  are  possibly  what  Professor  Hall 
has  called  X.  sinuata. 

For  the  first  thirty  feet  above,  the  thin  shales  ((P)  and  sandstones  pre- 
vail, the  sands  in  the  upper  part  appearing  as  thick  as  six  inches.  At 
thirty-five  feet  a  strong  seam  of  sandstone  (G')  of  three  or  four  feet  thick- 
ness appears,  with  some  thin  shale  partings,  so  that  the  mass  cleaves 
upon  weathering  into  layers  six  to  ten  inches  thick.  In  some  of  the  expos- 
ares  the  sandstone  is  broken  into  thin,  flag-like  slates  by  thin  layers  of 
pinkish  mica.  Higher  the  fissile  shales  appear,  but  the  fossils  are  not; 
seen,  and  the  arenaceous  layers  are  more  frequent  and  thicker  than  be- 
low. About  ninety  feet  above  GP  appears  a  second  massive  sandstone 
(476  O^).  This  forms  the  top  of  the  cliff.  Although  I  could  reach  its  biise 
I  could  not  get  at  the  top  of  it,  which  was  covered  by  loose  talus  from  the 
shales  still  higher.  It  appears  to  be  from  six  to  eight  feet  thick.  For 
eighteen  inches  or  two  feet  at  the  base  it  is  solid,  massive,  of  a  gray 
color,  weathering  to  a  slight  brown  or  chocolate  tint,  and  of  loose  text- 
ure; above  the  rock  is  more  firm  and  gritty,  but  no  specimens  were  found 
to  be  calcareous.  This  is  probably  the  rock  referred  to  in  the  BeiK)rt 
on  Cteology  of  the  Fourth  District  of  New  York,  p.  485,  as  extensively 
used  for  grindstones  and  quarried.  It  is  the  only  exposure  seen  between 
Caneadea  and  Kushford  likely  to  furnish  material  fit  for  such  a  purpose. 

Just  under  G^  Rhynchonella  contracta^  Spirifera  mesocoatalis^  a  small 
PalceaneilOj  emd  stems  of  plants  (or  worm  tracks?)  were  found  in  are- 
naceous strata;  in  more  shaly  strata  the  LeiorhynchuSy  varying  as  below 
from  L.  multicosta  to  L.  ineHOcostalis^  was  seen.  The  clay  nodules,  so 
often  found  associated  with  the^e  sandstones,  were  seen  at  the  base  of 
O*,  some  of  them  being  clay  ironstone.  The  Spirifera  mesocostalis  ot 
these  sandsis  the  variety  with  extended  cars,  moderate  area,  median  sep- 
tum developed  in  the  ventral  valve,  and  reduplicated  fold  in  the  sinus. 

47G  G  (loose).  In  the  bed  of  the  creek  nearG  were  found  slabs  of  con- 
glomerate, resembling  very  closely  those  met  with  in  the  stone  fences 
above  Bushford  and  of  which  distinct  traces  were  found  in  place  at  476  C. 
Although  we  cannot  identify  the  horizon  of  these  loose  slabs  with  pre- 
cision, the  evidence  is  strong  that  they  were  deposited  before  the  Che- 
mung fauna  ceased.    The  sources  of  the  Caneadea  Creek  are  M^VvxsiV  \\i 
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the  hills  to  tbe  Dorth  aud  west  in  tbe  tawus  of  Lyodoii,  FarmorsTllIe, 
BDd  Centrevllle,  aud  nothing  has  been  discovered  to  sbow  that  any  of 
tliese  hills  ran  above  the  rocks  bearing  Ohemnng  fauna. 

The  pebbles  are  fliittened  aud  range  froiti  coarse  sand  to  liue  gravel. 
Iroutttone  cuncretioua  aie  contained  in  the  mass ;  when  not  weathered, 
the  matrix  is  (ieeide<Ily  calcareous,  and,  while  the  pebbles  themselves 
are  often  dark  colored,  green,  and  smoky  quartz,  tbe  iron  stain,  npou 
veatheiing,  ooal«  them  brown,  giving  the  weathered  Blabs  a  chocolate  ■ 
brown  color.  Several  fossils  are  found  iu  the  mass,  though  not  in  con- 
dition to  identify  always  with  certainty. 
Spirifera  mesocostalh,  the  second  type,  with  finer  plication  and  extended 

wings,  aud  well  develoved  median  septum.  i^h 

Streptorhgnchua  Cliemangensia,  of  good  size.  ^H 

Orthis,  sp.,  several  fragments  too  imperfetit  fur  s[>»ciliu  identiflcatioiu^l 
Khi/ncboueUa  f  ISftppko,  var.  ^^ 

Namerous  worn  fragments  of  fish  bones,  and  a  fish  jaw,  Dipterua  Nelmni 
Newberry. 

This  resembles  Newberry's  Ctenodits  serratnn  in  general  form,  but  the 
teeth  are  not  serrate,  although  slightly  wrinkled  along  the  edge,  which 
might  possibly  he  the  result  of  attrition  of  a  serrate  tooth. 

While  revising  the  manuscript  in  March,  1880, 1  submitted  this  speci- 
men to  Prof.  J.  8.  Newberry,  who  identified  it  with  IHptenis  Xelsoni,  a 
species  which  he  has  described  from  the  fi«h  beds  at  Warren,  Pa.  It  is 
somewhat  smaller  tlmn  the  original  of  that  species.  Tbe  matrix  iu 
which  it  is  embedded  is  also  very  similar  to  thut  of  tbe  Warren  fish  bed. 

DESCRIPTION  OP  FISH  REMAIHS. 

Dipterus  Xelsoni  Newberry,  ms.     Plate  III,  Fig.  1. 

This  is  a  small  jaw,  referred  to  this  species  after  comirarison  with 
Professor  Newberry's  origiual  specimens  from  Warren  County,  Penn- 
sylvania. The  grinding  surface  is  of  hard  enamo),  triangular  in  shape, 
grooved  by  seven  grooves  radiating  from  near  one  angle,  which  is 
smooth  aud  rounded  and  divided  into  finger-like  ridges.  The  tops  of 
the  ridges  and  bottoms  of  the  grooves  are  snbangular.  The  ridges  are 
arranged  in  pairs,  every  other  groove  running  back  a  little  farther 
than  its  neighbor  toward  the  angle  from  which  they  radiate,  and  each 
ridge  is  slightly  notched  by  four  or  five  constrictions  on  the  side ;  these 
notches  are  only  superficial,  and  upon  the  crest  of  the  ridges  produce 
only  faint  undulation,  no  definite  serration.  The  dimensions  of  the 
specimen  (No.  1«055  U.  S.  Nat-Mus.)  are:  length,  20'°°';  width,  11»"; 
length  of  tbe  process  of  tbe  jaw  vertical  to  tbe  grinding  surface,  ll""". 

The  original  is  from  a  gravel-like  conglomerate  found  at  Bnshford, 
Allegany  County,  N.  Y.  (loose),  but  traced  to  the  midst  of  Upper 
UbemuQg  rocks  and  associated  with  Chemung  fossils. 
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Hpterus  (fj  kerns  Newberry,  ms.    Plate  III,  Fig.  2. 

This  is  a  small  and  woru  specimen,  evidently  distinct  from  i>.  NeU 
}ni  and  possibly  a  worn  representative  of  Dr.  Newberry's  species  D. 
Evis.  It  is  nearly  as  large,  bat  proportionately  shorter ;  the  grinding 
arface  has  bat  foar  finger-like  ridges,  whicb  are  smoo  thly  ronnded 
nd  hard;  the  bottoms  of  the  grooves  are  also  ronnded.  It  is  smaller 
nd  has  fewer  ridges  than  the  typical  specimens  of  />.  UwiSy  and,  while 
[lis  may  partly  be  the  resalt  of  attrition,  it  is  with  some  doubt  that  I 
ofer  it  to  the  species,  and  in  case  futare  discoveries  prove  it  to  be  dis- 
[net  I  woald  propose  D.  Alleganensis  for  this  form.  It  occurs  in  a  fine 
ebble  conglomerate  at  Little  Genesee,  Allegany  Oouuty,  N.  Y.,  in  the 
Tpper  Devonian. 

aba,  Allegany  Goaaty,  H.  T.— 477. 

Cuba,  the  third  township  north  from  the  State  line  and  in  the  west- 
m  tier  of  townships  in  the  county,  is  situated  about  fifteen  miles  north 
f  Pennsylvania  and  thirteen  miles  south  from  Kushford,  476.  The  Erie 
tailroad  grade  is  given  as  1,542  feet  above  sea;  the  altitude  of  the  grade 
f  the  canal  railroad  (Rochester  division,  Buffalo,  New  York  and  Phila- 
delphia Bailroad)  is  called  1,488  feet.  Several  exposures  were  exam- 
aed  on  the  hillsides,  all  at  about  the  same  level. 

477  A- — The  Armstrong  quarry  is  extensively  worked  just  above  the 
irie  Bailroad  near  the  depot.  Some  ten  or  twelve  feet  of  good  build- 
ag  stone  can  be  quarried  here ;  the  base  of  the  quarry  is  about  thirty 
det  from  the  railroad,  or  nearly  1,570  feet  in  altitude.  Several  courses 
f  solid,  even  grained  sandstone  lie  above  the  base,  with  some  interven- 
Qg  layers  of  shale  or  shaly  sandstone.  Below  the  sandstone  are  some 
wenty  feet  of  soft,  fissile  shales,  bluish  at  the  bottom,  tending  to  olive 
oward  the  top,  and  weathering  iron  stained. 

477  B  is  three-quarters  of  a  mile  north,  on  the  same  level,  and  is  now 
abandoned — the  old  Ouiltbrd  quarry. 

477  O  is  Smith's  quarry,  on  the  east  side  of  the  valley  and  a  mile 
.nd  a  half  northeast  of  A  on  the  same  level.  The  quarry  rock  is  a 
[ght  gray,  calcareous  sandstone,  strongly  bituminous  upon  fresh  fract- 
ire.  The  grain  is  generally  fine,  and  though  working  easily  when  fresh 
a  more  tenacious  than  the  Berea  sandstone  of  Euclid  or  Amherst,  Ohio ; 
mt  the  grain  is  coarser  than  the  Porta^i^e  sands  and  of  lighter  color. 
Jpon  weathering  there  is  enough  iron  to  give  the  stone  a  creamy  to 
'ellowish  brown  tint.  This  ferruginous  quality  is  associated  with  the 
hinner,  more  flaggy  structure;  the  purer,  thicker  courses  are  of  a 
ighter  and  purer  gray  color.  The  lowest  course,  from  which  thick 
labs  are  blasted  or  wedged  off,  running  from  three  to  four  feet  thick, 
oakes  the  finest  quality  of  building  stone.  A  second  thick  course  in 
he  center  of  the  quarry  furnishes  tlirce  to  four  feet  thickness  of  stone, 
n  which  occasionally  are  seen  Vertivali,s  pei  forations  on  the  upper  layers. 
ibove  this  the  courses  are  tliiuiier,  rarely  furnishing  over  a  foot  of 
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Bandstone.    Between  tho  layers  of  shale  iu  these  sandstouaa  are  the 
',  braohiopoda. 

j  There  appear  to  be  two  quite  disHact  fannas  present  in  the  ^inarry. 
'  Altbongh  the  upper  layers  nf  saoilstoiie  are  very  Bimilar  io  ^Dtsral 
I  eliLiracter  h>  the  lower,  more  Btrougly  calcareous  deposits,  generally  the 
\  lower  thick  bods  carry  scarcely  anything  but  a  lameUibrancb  fauna. 
'  with  occasionally  au  Orthocerag,    Tho  lameltibranch  fauna  is  generally 

found  in  the  midst  of  the  solid  sandstone,  with  Qrammytia  communit  h« 

it«  most  ahuiidaut  species.    The  brachiopod  fauna  occurs  higher  up  In 

the  thinner  sandstone,  where  the  argillaceous  matter  is  so  iutfirstrutifiuil 

as  to  make  poor  building  stone  and  the  shells  (iu  the  principal  layer) 

ftie  so  thick  as  to  make  the  stone  unfit  for  cutting.     In  the  fauna  the  •'^pi- 

rifcra  dinjuncta  is  the  most  abundant  form  and  lamelUbranchs  are  raru, 

though  occasionally  a  single  specimen  of  SanguinoUtes  appears  at  Uii.- 

base  or  top  of  the  stratum. 
Below  the  sandstones  are  exposed  some  twenty  fe«t  of  soft,  fissile 

shales,  A'  and  A*,  coDtaiuiiig  another  distinct  funua.  Only  a  few  speci- 
mens were  found,  but  those  were  well  marked  Lingular  and  a  few  other 
'  forms.  The  Lingula  is  the  more  conspicuous  and  frequent  form,  and  it 
,  ia,  uidistinguishahle  from  the  Ohio  LingulaB  of  the  Cleveland  shale  at 
'  Euclid,  Ohio.  These  lingula  Bhales  are,  however,  light  iu  color  at  tho 
I  base,  the  ordiuary  blue  shale,  and  toward  the  top  are  light  olive  greeu 
I  upon  weathering. 

Lingula  fauna  of  177  A^ : 

Lingula  Melic 

Chonetes  lupida,  or  small  C.  scilula. 

Pabroiieilo,  sp.,  a  small  form. 

Diacina^  sp. 

SanguinoUtes  ^-igidus  (=Spkenottts  conlractua  Ball,  ISSci). 
Grammysia  fauna  of  477  A' : 

Grammyaia  communis. 

Grammysia  communis,  rar.  approaching  Q,  ouneata. 

Orammysia  oommunis,  var.  very  short. 

Schizodus  rkambeus,  var. 

Aviculopeclen,  a  variety  near  A.  cancellatus. 

Edmondiat  Philipi. 

Pterinopect^n  suborbicularis. 

Orthoceras  pacator  t 

Grinoid  stem  fragmeuts. 

Bracbiopod  fauna  of  477  A" : 

Spirifcra  disjunctn,  abundant. 

Rkynchonella  contracla,  smalt  var.,  frequent. 

Slreptorht/nchus  Ckemungemis,  frequent. 

Athyris  Angelica,  frequent. 

Choneten  scitula. 
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Produetella  oostatula, 

ProducUllaj  sp. 

Ceriopora^  sp. 

(Crenipecten  f  impolitus.) 

8anguiiu>lite8  rigidus  (=  Sphenotus  contractus  Hall,  1886). 

The  first  four  species  oonstitate  the  main  bulk  of  the  fossils ;  the  re- 
maining sx>ecies  are  represented  by  several  specimens  in  the  lot  col- 
lected, but  are  not  common.  SpiHfera  disjuncta  is  very  abundant  in 
quarry  A,  and  with  few  Streptorhynchm  Chemungensis^  while  the  latter 
species  is  almost  as  abundant  as  the  spirifer  in  some  layers  of  477  B. 

Guilford  Qiarrjr,  Cuba,  H.  T.— 477  B. 

Sandstone^  massive  gray,  weathering  brown ;  some  layers  highly  ferru- 
ginous, the  fossiliferous  layers  decomposing  by  solution  of  calcareous 
matter  and  producing  brown  rottenstone.  Some  pebbles  are  seen,  but 
no  regular  conglomerate  layers.  In  the  lower  sandstone  is  the  lamelli- 
branch  fauna,  as  in  477  A.  Above  is  a  thinner  layer,  more  calcareous, 
filled  with  brachiopods. 

Brachiopod  fauna  of  477  B : 

Spiri/era  disjunday  abundant. 
Streptarhynchus  Chemungemis^  common. 
Chaneies  scitula. 

Ehfnchonella  contracta^  var.  small. 
ProducteUa  onusta. 

The  Streptarhynchus  is  gibbous,  often  extremely  so,  and  the  Spiri/era 
dutjuncta  has  the  median  fold  duplicated. 

Smith  (aarry,  Caba,  N.  T.— 477  C. 

The  lithological  and  stratigraphical  characters  are  essentially  the 
same  as  in  the  Armstrong  quarry,  477  A. 

The  brachiopod  fauna  is  the  same,  though  Produetella  and  Strepto- 
rhynehuB  are  more  frequent  than  in  the  more  southern  exposure  at  A. 

The  fossils  obtained  are  : 

Spiri/era  disjuncta. 

Streptorhynchus  Chemungensis. 

Produetella  onusta. 

RhynchoneUa  contractUy  var. 

RhynchoneUa  duplicata  f 

Athyris  Angelica, 

Pleurotomaria^  sp.,  a  finely  striated  form. 

Sanguinolites  rigidus  (^Sphenot us  contractus  Ilall,  1885). 

ProduetellOj  near  P.  arctirostrata. 

Cerioporay  sp. 
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Tbe  bractiiopod  fauna  of  these  three  Cuba  quarries  is  iu  all  essential 
,   points  identical  with  the  fauna  of  4TG  B*. 

KiTinr  in  Sooth  Caba— 471  E. 
Niiar  the  base  of  this  ru vine  there  are  suiae  thin  saudstoue  Iajet«, 

but,  coinpariug  it  with  the  Cuba  quarries  a  mile  or  two  north,  I  judge 

that  the  first  expnsures  at  the  base  of  the  ravine  are  stratigrapbicallf 
'  equivalent  to  the  upper  part  of  the  Armstrong  (piarry  and  that  the 

flue  quarrystoite  layer  is  below  the  surface.    The  shales  predominate 

throughout,  though  in  the  lower  part  some  solid  sandstone  strata,  a  foot 
.  or  more  thick,  are  seen.    The  ravine  begins  (the  first  rock  exposure)  M 

about  1,000  feet  altitude  and  rocks  are  visible  to  nearly  1,735  feet. 
Kear  1,635  feet  altitude  or  a  little  higher  is  an  abundant  braohiopod 

fauna,  in  a  calcareous  sandstone  seam  (K*),  with  (he  sauie  species  in  gen- 
eral as  in  477  C,  the  Sptrifera  lUsjitncta  and  Streplorhjnehua  Chemungmiii 

both  abundant,  and  the  more  commou  species.    Abuve  this  atratom  no 

strong  seam  of  sandstone  occurs ;  there  is  an  alternation  of  thin  orctW- 

ceous  layers,  with  prevailing  argillaceous  shales. 

Near  the  middle  of  the  ravine  is  a  layer  of  rather  coarse  micaceom 

sandstone  (E'},  IS  inches  thick ;  soon  above  this  traces  of  red  colorins 

liegiii  to  appear  in  the  generally  olive  argillaceous  shales.  These  argil- 
I  luccona  shales  become  prominent  at  about  1,700  feet  altitude  aud  cou 
•  tinue  to  the  top  of  the  ravine.    At  several  places  they  run  into  browu 

or  red  shale,  and  one  layer  of  several  inches  is  strong  brownish  red  aud 

contains  fossils  {W), 
Brachiopod  fauna  of  477  E': 

Spirife}-a  dhjurtcta. 

Streptorhynchus  Chemtingemit. 

Chonetea  sdtuta. 

Rhynchonella  confractn. 

Frodttctetla  hirsuta. 

Productella  costatula,  aud  varieties. 

Ceriopora,  sp. 

Crinoid  stem  fragments. 

Orammysia  comnmnis,  var, 
In  thick  greenish  shale  [E'): 

Spirt/era  disjuncta. 

Streptorhynchva  Chemungensis. 

Zeptodeama,  near  L.  sociale. 

In  brownish  sandstone,  uear  bottom,  477  E':  ' 

Aihyria  Angelica,  abundant. 

Jihynchonelln.  contraHa,  var. 

Productella,  sp. 

Above  E*  the  rocks  are  generally  argillaceous,  and,  while  generally 

olive  green  in  color,  contain  streaks  of  red  and  brown  and  some  thin 
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Streaks  or  nodules  of  oolitic  red  irou  ore.  The  fauua  of  these  beds  is 
probably  uniform  and  the  reddening  of  the  shales  does  not  prevent 
the  presence  of  numerous  fossils. 

Fauna  of  477  E*: 

Orthis  LeonensiSy  abundant. 
Lyriopectenj  sp.=  f  L,  orbiculatus. 
Rhynchanella  contracta^  small. 
Spirifera  disjuncta. 
Ceriopora  sp.,  abundant. 
Aviculopeeten  cancellatus  f . 
Leptodesmaj  sp. 
Athyris  Angelica  f 

Station  477  II  is  a  low  bluff  alongside  the  stream  which  runs  into  the 
Cuba  valley  from  the  southeast,  and  is  situated  about  two  miles  nearly 
south  of  Ouba.  Stratigraphically  the  rocks  are  apparently  the  soft 
argillaceous  shales  following  the  quarry  sandstones  of  Cuba  and  are 
nearly  equivalent  to  477  E^,  at  the  base  of  section  E,  which  lies  only  half 
a  mile  north  of  H.  The  shales  are  normally  bluish  in  tint,  being  slightly 
femiginons,  weather  to  an  olive  color,  tending  to  a  brownish  shade;  they 
break  op  into  fissile  flakes  after  weathering,  but  the  bedding  is  not  so 
fine  as  to  give  the  true  fissile  character  to  the  rock  in  mass. 

The  fossils  are  numerous  in  some  layers,  in  others  rare.  In  the  beds 
examined, the  Ohonetes  is  most  abundant;  the  Athyris^  Streptorhynchus, 
Productella^  and  Spirifera  frequent,  the  other  species  rarer.  With  the 
exception  of  Spirifera  and  Streptorhynchm  the  species  are  generally 
small. 

The  following  species  were  identified  iu  the  fauua  of  477  H : 

Chonetes  acitula. 

8treptorhynchu8  Clieinungensis. 

Productella  costatula. 

Athyris  Angelica. 

Spirifera  disjuncta, 

Orthis  Leonensis,  small  size. 

Ceriopora^  sp. 

Craniaj  sp. 

PaUeoneilo  brevis,  var. 

PaUeoneilOj  sp.,  near  P.  filosa. 

Palceaneiloj  sp.,  a  minute  form,  possibly  young. 

Rhynchonella  contracta^  small  var. 

Pleuroiomaria  filitexta. 

Lepiodesma^  a  minute  HX)ecimcn. 

Leptodemna  socialef 

Ooniaphora  ChemungensiSj  small.  >    i 

Mytilarca  Chemungenais. 

Centronella  Julia  f 
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Crinokl  stem  fragments 
Aricidopevten  cancelltttui. 
Modiomorpha  T 

Following  ap  tbe  valley  from  477  U  Koutliatstvraril,  two  exposures 
.  were  met  with  near  the  sontlieni  boiiuilary  of  Cu  ba  township.  Thpj- 
fire  about  2}  miles  sontli  of  4TT  A  and  respectively  2  and  2^  miles  east 
of  the  same  point.  Stratigrapliically  they  lie  above  the  section  477  K, 
station  477  G  being  not  far  alwvo  the  top  of  K,  anil  477  F  is  some  GO 
feet  bigbcr. 

Fauna  of  477  O,  in  the  Siuidy  lajers,  wealberlng  brownish  to  dark 
bluisb  brown : 
Spiri/era  diyunda. 
Athyria  Angelica. 
Plant  remains. 
KhynehonelUi,  ep. 
Bellerophon,  sp. 
,  Chtetetes,  sp. 

In  the  soft,  coarse,  argillaoeons  sbalo,  wciithcriug  b^o^vuish  olive,  were: 
Rhynchonelia,  sp. 

Faltxoneilo,  imperfect  specimen.  

Leptodesma  Mortoni  f  ^^H 

Fauna  of  477  F,  in  groenish,  aruuaoeous  shale:  ^^| 

Spiri/era  diiy'imL'ta.  ^H 

StreptorhynchiM  ChemungemiM. 
Chonetes  Kt;itula. 

SangttinoUtes  rigidiis  (=Spke>totun  contraitas  ITall). 
S.  cldvnlus  and  a  variety  resembling  Xi/atisa  urgutn  in  general  form. 
Palwoneih  Bed/ordensi». 
Mytilarca  CAemuHgcnsU, 
Leptodesma  Mortoni. 
Plant  stems. 
Leptodesma  potens. 

A  comparison  of  the  several  faunas  from  Cuba  and  the  immediate 
neighborhood  gives  the  following  as  the  general  character  of  the  two 
hundi'ed  feet  or  so  which  we  are  able  to  examine. 

(1)  Olive  green  to  blue,  argillaceous  shales  w  ith  a  Linguia  fauna,  when 
most  pure  and  fine,  as  seen  in  477  A'  and  477  A*. 

(3)  This  is  followed  by  sandstone,  locally,  of  solid,  massive  character, 
calcareous  and  often  strongly  impregnated  with  petroli'um.  Where  this 
sandst^tne  is  purest  and  most  massive,  the  fafina  is  mainly  lamelli- 
branchs.  In  the  more  argillaceous  layer,  where  the  alleruating  arena- 
ceous and  argillaceous  deposits  are  more  frequent  an*l  mingled,  one  of 
the  typical  UpperChemung  brachiopod  faunas  appears,  with  abundasoc 
(54S) 
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of  Spirifera  dhjunctaj  and  in  some  exposures  and  layers  Streptorhynchtis 
Chemungensis  is  common  (477  A,  B,  and  C). 

(3)  Above  the  sandstones  appear  shales  again,  of  the  olive,  argilla- 
ceoas  character,  varying  from  pure,  fine,  soft  shale  to  arenaceous  shale 
with  more  or  less  iron  stain.  In  this  zone  Athyris  Angelica  may  be 
foandy  lamellibranchs  of  several  genera,  and  several  of  the  common 
species  of  the  sandstones  below. 

(4)  Next  appear  traces  of  those  iron  gray,  micaceous  sandstones,  so 
common  in  the  lower  Oatskill  rocks  further  east,  and  streaks  of  red  iron 
ore  and  red  shales.  The  red  shales  still  contain  Chemung  brachiopods, 
Spirifera  disjuncta,  and  other  species.  The  most  characteristic  brachio- 
pod  is  a  small  Orthis{0.  Leonensis) ;  this  occursquite  abundantly  in  a  thin, 
arenaceous,  reddish  brown  shale.  Here,  too,  in  the  midst  of  the  soft, 
olive  shales  is  seen  red  oolitic  ore,  but  only  in  thin  veins  or  nodules. 
Ic  is  interesting  to  notice  that  in  the  lowest  clay  iron  nodules  of  Che- 
mung and  Tioga  Counties,  New  York,  in  the  midsl  of  the  same  Upper 
Chemung  brachiopod  fauna,  are  seen  the  representative  of  the  Orthii 
of  that  section  as  well  as  the  more  typical  form  of  0.  Michelini,  show- 
ing conclusively  that  this  type  of  Orthis  is  associated  with  nearness  to 
shore  conditions  of  habitat. 

(5)  Above  this  the  Chemung  brachiopods  come  in  again  ;  also  a  new 
lamellibranchiate  fauna.  Thi^  time  Leptodesma,  SanguinoliUs^  and  Avic 
ula  are  more  common,  and  this  rock  is  a  fine,  arenaceous  shale,  from 
bluish  to  olive  gray  in  color.  This  is  477  F  and  (x.  Traces  of  pebbles 
are  seen  in  the  lower  sandstones ;  some  of  them  are  an  inch  in  diame- 
ter, but  no  collection  of  i>ebbles  forming  conglomerate  was  seen.  In 
this  section  are  seen,  for  the  first  time  going  up,  distinct  masses  of  red 
iron  ore. 

The  brachiopod  fauna  (477  A  and  477  C)  is  remarkable  for  the  ab- 
sence of  any  trace  of  Spirifera  mesocostalis  or  Orthis  impressa;  and 
8traplu}donta  Cayuta^  Prodiwtella  lachryinoHttj  Orthis  Tioga,  and  Crypto- 
nella  Eudora  are  entirely  absent,  unless  we  may  regard  Orthis  Leonensis 
as  a  small  variety  of  O.  Tioga  and  some  of  the  gibbous  forms  of  Froduv- 
tella  as  extreme  varieties  of  the  common  form  of  the  eastern  section.  Yet 
all  these  species  are  common  in  the  typical  Chemung  fauna  of  the  Che- 
mung and  TiogaCounty  sections.  Several  of  these  species  do  not  appenr 
at  all  in  this  Wyoming- Allegany  County  section,  while  such  species  as 
Athyris  Angelicaj  the  gibbous  varieties  of  Prodactella,  and  the  saialler 
varieties  oi  Rhynchonella  contracta  and  Khynchonella  duplicata  a])pear  to 
be  wanting  in  the  eastern  section,  though  often  abundant  in  the  Alle- 
gany County  section.  This  diiference  in  fauna  cannot  be  geological,  for 
it  characterizes  the  whole  Chemung  group  fauna.  We  can  only  look, 
therefore,  to  geographical  conditions  to  explain  the  faunas. 

Some  of  the  species  of  the  eastern  Chemung  do  api)ear  at  the  base 
of  the  Chemung  fauna  in  Allegany  County,  such  iis  Spirifera  mesocos- 
taliSj  Orthis  impressaj  and  the  common  Chemung  Leiorhynohus  ,*  bat  \t 


*70  UPPER    DEVONIAN    FOSSIL    I'AIINAS.  ^^^^^^B 

twcomea  evident  iipou  coinpiirwoti  of  the  two  sGotiuits  tliat  upon  paBs- 
iiig  upward  tlio  chanw:teriati«  Oliamuiig  species  inoutioned  aborn  bp- 
come  more  and  more  strictly  confined  to  flio  east.  Again,  tlio  Bpi»- 
cies  wliicli  appear  associated  with  Cb*mniig  species  in  tlie  Alk'gany 
County  section  and  that  are  wanting  farther  cast  are  of  the  same  iyiK* 
and,  in  some  cases,  the  same  species  which  are  characteristic  of  Imwt 
Carboniferous  rocks  of  the  States  farther  west.  Tlie  conclusion  appeara 
plain  that  with  the  passage  of  Upjier  Devonian  time  over  West«rii  New 
York  territory  there  was  a  shifting  of  the  faunas  in  an  c»8U^rly  dirpfr 
tion,  and  that  with  such  shifting  species  which  are  regarded  as  beloni!- 
iug  to  a  later  jieriod,  when  they  occur  more  isolatcil  in  the  western  in- 
terior, appear  in  the  western  part  of  Sew  Yorlt  bofore  the  close  of  the 
Chemung  fanna,  but  farther  east,  in  Tioga  County,  do  not  appear  at  ali 
np  to  the  close  of  the  Devonian.  This  study  of  tlie  faunas  gives  us  a 
hint  towanl  solving  the  relation  of  tho  eastern  and  wt-Btern  beds. 

If  the  Waverly  or  Lower  Carboniferous  fauna  may  bo  regarded  as  ft 
separate  and  comjilete  fauna,  it  was  doubtless  a  local  one,  an<!  it  may 
bo  regarded  as  probably  contemporaneous  with  a  part  of  the  Upper  Da 
vonian  of  New  York.  The  indisputable  evidence  we  have  that  dnr- 
ing  this  Upper  Devonian  epoch  the  faunas  were  moving  eastward  over 
Western  New  York  gives  reason  for  the  belief  that  species  whicU  belong 
to  a  later  horizon  mast  have  come  in  from  the  west,  aud  that  the  nor- 
mal contemporaneous  faunas  farther  west  were  of  a  later  type  than  in 
the  east.  Examination  of  the  species  confirms  such  views.  The  Pro- 
duelellas  of  477  C  are  frequently  of  the  very  gibbous  form,  agreeing  in 
this  respect  with  specimens  from  tlie  section  470  H'  of  Bnshford.  Al- 
though the  specimens  are  generally  smaller,  the  larger  spociinena  are 
very  like  the  larger  Waverly  forms  (Geol.  Surv.  Ohio,  Vol.  11,  Pa!.,  PL 
ID)  mentioned  by  Meek,  and  the  Slreptorhynchuii  ChfrnungenHs  from 
these  beds  reaches  a  very  gibbous  form  not  readily  distingnishable  from 
Meek's  ffemiproniles  cretti»tria  of  Ohio.  TLc  I'ltlaoneilo  of  these  Cuba 
beds  is  dilferent  from  R  brerin  in  the  features  distinguishing  Meek's  P. 
Redfordmaia  from  that  species ;  it  is,  therefore,  a  variety  approaching 
the  Ohio  AVaverly  type.  The  crinoid  is  of  the  Waverly  variety  of  Far- 
besiocrinus  commKnis  type,  as  here  recognized  by  stems,  but  in  the  fanua 
of  479  A'  represented  by  some  specimens  of  the  calyx. 

We  observe  just  under  these  rich  fossil  bearing  calcareous  sandstones, 
•177  A,  a  series  of  fissile  slmles  bearing  a  fauna  of  Lingula  and  other 
small  delicate  shells.  Although  the  fauna  is  not'strictly  identical  with 
that  of  the  lingula  shales  of  Van  Ettenville,  described  in  U.  8.  Geologi- 
cal Snrvey  Unlletin  No.  3,  the  stratigraphical  sequence  is  the  same  and 
the  general  character  of  the  fauna  is  similar.  In  that  section  the  rich 
Chemnng  brachiopod  fauna  immediately  follows  the  soft  lingula  bear 
ing  shales,  and  no  similar  shale  was  discovered  below  until  within  tiro 
or  three  hundred  feet  above  the  Oeitesee  shale.  In  the  western  section 
^^eliagalii  bearing  black  shalei  are  constantly  recurring  for  a  tliouxnnd 
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feet  above  the  typical  Genesee  shale,  bat  this  soft,  olive  mad  shale,  with 
Lingulay  does  not  appear  below  this  horizon  (477  A). 

In  these  lingula  shales,  in  both  the  eastern  and  the  western  sections 
of  New  York,  we  find  the  first  traces  of  the  ironstone  nodules,  and  the 
brown  color  firom  iron  stain  becomes  more  conspicaoas  above  this  hori- 
zon, and  this  marks  the  lower  part,  if  not  quite  the  beginning,  of  the 
common  marine  faana  of  the  Ohemung  group.  In  the  Ithaca  section  we 
observe  a  fonna  resembling  the  Chemung  fauna  some  eight  hundred 
feet  below  the  genuine  Chemung  fauna.  It  is  preceded  by  a  similar 
dark  lingula  shale,  but  the  absence  of  Spirifera  disjuncta  and  the  rarity 
and  small  size  of  Productella  alone  suggest  the  fact  that  the  Chemung 
horizon,  as  it  is  known  in  Western  New  York,  has  not  been  reached. 

From  these  comparisons  we  conclude  that  the  Van  Ettenville  shales 
and  the  following  fossiliferous  sandstones  are  the  stratigraphical  equiv- 
alents of  the  Cuba  shales  and  its  sandstones  as  seen  in  the  Armstrong 
quarry.  The  interval  below,  down  to  the  Genesee  black  shale,  is  mainly 
filled  by  rocks  carrying  Portage  faunas  in  the  Allegany  County  section, 
while  tiie  section  of  Tompkins  and  Tioga  Counties  holds  a  fauna  only 
a  few  hundred  feet  above  the  Genesee  shale,  which  is  paleontologically 
intermediate  between  the  Hamilton  and  genuine  Chemung  faunas. 

Blaek  Creek,  New  Hndion  Township,  Allegany  County,  N.  T.—  478. 

This  station  is  northeast  of  Cuba,  about  five  miles  from  the  Armstrong 
qaarrj  (477  A),  and  estimating  from  the  canal  railroad  (Rochester  div., 
Buff.,  N.  Y.  and  P.  R.  R.)  grade  by  aneroid  barometer,  the  quarry  Is 
approximately  at  the  same  altitude  as  the  Cuba  quarries,  not  far  from 
1,575  feet.  The  quarry  has  been  extensively  worked,  but  is  now  aban- 
doned. At  the  base  is  a  heavy  course  of  light  colored  sandstone,  run- 
ning firom  two  to  three  feet  thick;  next  above,  five  feet  of  thin  layers  of 
sandstone  and  shale;  then  two  feet  of  solid  sandstone,  followed  by  a 
fossiliferous  zone  of  a  foot  or  so  containing  the  brachiopod  fauna,  478 
A^;  above  this  is  another  solid  sandstone  three  feet  thick,  above  which 
the  thinner  alternating  shaly  and  arenaceous  layers  predominate. 
The  lithological  characters  correspond  very  closely  with  those  of  the 
Gabaqnarrie8,bntthe  fauna  differs  slightly  in  its  prevailing  characters. 

The  tracing  of  actual  equivalency  of  horizon  is  a  matter  of  consider- 
able difficulty  on  account  of  the  absence  of  exposures  at  intermediate 
points.  According  to  Prof.  James  Hall's  original  section,  generalized  for 
this  part  of  the  State  (see  Ann.  Rep.  of  N.  Y.  Geol.  Survey,  1838),  a  gen- 
end  dip  of  something  like  fifty  feet  to  the  mile  is  represented,  and  each 
of  these  quarries  at  Caneadea,  at  Rockville,  &;3.,  is  in  a  separate  zone 
in  the  series,  separated  from  others  by  considerable  thickness  of  depos. 
its.  My  examinations  lead  me  to  the  opinion  that  the  general  dip  of 
these  upper  strata  is  by  no  means  so  great,  and  that  there  are  also 
long  folds  in  the  strata,  giving  at  some  exposures  even  a  decided  dip 
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tothoiiurth,  tliu^  compliuiitiu;  tli6  tmk  ut'  lullutviu^  strata  from  ei- 
posuro  to  exposure  in  traversiug  tbe  coautry. 

Kiiowitig,  iis  we  do,  tbat  tho  faunas  are  coUHiderably  luotlitiftl  lui  ve 
pass  from  east  to  wost,  even  in  a  Luudred  miles,  it  sliouM  not  Earpris«< 
us  to  find  a  like  difference  between  the  more  nortberu  and  more  south- 
em  faunas  of  the  same  horizon.  The  differences  in  tho  faunas  may  be 
dne  to  difft-reuces  in  geogriiphical  conditions  on  the  same  horizon  or 
tliey  may  be  modifications  of  the  fauna,  marking  geological  range  or 
difference  of  horizon.  The  present  fauna,  to  all  appearances,  is  at  the 
Bame  altitude  now  as  the  Cuba  brachiopod  fauna,  ill  A.  At  the  Cuba 
quarry  the  dip  is  slightly  southward.  At  this  station  tbe  strata  are 
as  nearly  level  as  we  can  rea4l;  at  Itockville,  three  miles  farther  north, 
there  is  a  decided  dipping  to  the  north.  From  these  facts  the  concln- 
Bion  is  strong  that  there  is  a  gentle  autictinal  fold  near  Cuba,  sloping 
oorth^urd  as  we  reach  Kockville  and  alrea^Jy  showing  its  sonthwanl 
Blope  at  477  A. 

The  fauna  of  478  A'  shows  differences  pointing  to  the  characters  of 
more  eastern  faunas  or  those  that  are  met  in  the  exposures  farther 
north  thau  477.  The  jireaonce  of  Ortkis  impreisa,  the  broad  wingc<l, 
high  beaked  Spirifera  dinjunuta,  and  the  presence  of  Spirt/era  mesocoi- 
talis  may  be  noted  in  this  connection.  In  making  comparison  of  faunas, 
too,  we  find  the  same  peculiarities  In  station  481  A,  which  is  actually 
loss  than  fifty  feet  higher  than  ilH  A,  and  nine  miles  north  and  a  little 
east,  with  the  rocks  agnin  dipi)ing  northward,  though  at  intenne^liate 
points  llic  dip  is  decidedly  southward. 

If  we  consider  each  of  the  sandstone  beds  as  relatively  local,  when  a 
particular  horizon  is  concerned  it  is  more  probable  that  the  sandstone 
deposits  for  continuous  geological  epochs  (at  least  for  such  leng^  ot 
time  as  the  Upper  Chemung  may  require)  were  nearly  continaooB,  bat 
shifted  their  geographical  position,  than  that:  there  was  any  total  cessa- 
tion and  renewal  of  their  deposition. 

When  we  compare  the  faunas  in  similar  or  like  lithological  conditions, 
OS  a  tentatire  rule  (which  further  investigation  may  modify),  ve  make 
the  supposition  that  likeness  in  the  composition  of  two  faunas,  i.  e.,  the 
association  of  the  same  8i>ecie3,  is  more  apt  to  persist  through  the  gradual 
changes  brought  about  by  time  aud  that  constancy  in  the  lesser  van- 
etai  characters  is  more  likely  to  signify  likeness  or  equivalency  in  geo- 
logical horizon ;  hence,  if  we  have  two  faunas  in  apparently  like  con- 
ditions of  matrix  and  in  the  same  general  geographical  area,  if  the 
species  are  tbe  same  and  those  abundant  and  those  rare  maintBiD  the 
same  comparative  relationship  to  the  fauna,  we  infer  that  the  fauna  is 
the  same.  If  the  species  show  the  same  varietal  peculiarities,  we  say 
the  horizon  is  synchronous;  if  the  varietal  characters  differ,  we  say  It  is 
probably  a  differentborizon,althou;;!i  the  species  are  identical.  Hence 
in  an  imperfect  fauna,  the  lack  of  the  full  complement  of  species  might 
signify  geographical  shifting  of  the  fauna,  but  if  the  species  that  did 
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appear  presented  the  identical  varietal  cbaracters,  we  would  infer  that 
the  horizon  was  identical. 
Faanaof478A«: 

Spirifera  disjuncta^  large,  broad,  miicronate  form. 

Athyris  Angelica. 

Rhynchonella  contracta. 

Crinoid  stems. 

Productdla  acutirosira^  var. 

Spirifera  mesocostalis, 

Orthis  impressa. 

Chcetetesj  sp. 

The  8.  di»juncta  is  abundant;  the  other  species  are  only  occasional. 
The  Praductellaj  sp.,  is  a  large  form,  with  the  outline  (dorsal  valve)  of  a 
large  P.  arciirostrata^  with  strong  concentric  wrinkles  at  the  cardinal 
end  of  the  shell,  the  front  geniculate,  the  interior  pitted  like  P.  hirsuta. 
It  does  not  agree  with  any  of  the  ordinary  New  York  forms,  and  in  gen- 
eral resembles  the  carboniferous  types,  but  is  doubtless  a  variety  of  the 
gibbons  Upper  Ddvouian  type  of  Productella^  and  near  the  form  called 
P,  acutirostra  in  the  reports.    The  same  form  is  seen  in  479  A^ 

loekfille,  Allegany  County,  N.  Y.  — 479. 

Situated  in  Belfast  township,  about  nine  miles  northeast  from  Cuba 
(477) ;  altitude,  approximately,  as  determined  from  railroad  grade  and  by 
aneroid  barometer:  A^,  1,410  feet;  A'',  1,460  feet.  The  section  near 
the  old  canal  lock  at  Kockvillc  is  visible  for  about  fifty  feet.  At  the 
base  is  a  thick  sandstone  seam  (A^),  six  feet  of  it  being  visible.  A^  is 
shale  of  two  feet  thickness,  then  a  second  seam  of  sandstone  two  feet 
thick  (A^).  This  is  followed  by  shales  and  thin  arenaceous  layers  for 
thirty-five  feet,  and  at  the  top  are  two  seams  of  sandstone  less  than  a 
foot  thick,  separated  by  shales.  The  principal  sandstones  of  the  series 
are  massive  and  of  the  deeper  gray  color  of  the  true  Portage  sandstones, 
considerably  darker  than  the  Cuba  stones  and  of  finer  grain,  and  have 
a  strongly  bituminous  odor  on  fresh  fracture.  The  shales  are  green  to 
olive,  soft,  argillaceous,  and  do  not  differ  materially  from  the  soft  shales 
which  frequently  appear  in  the  Chemung  series.  The  rocks  dip  evi- 
dently to  the  north,  not  extensively,  but  enough  to  show  plainly  that 
.    we  are  on  the  northern  slope  of  a  gentle  anticlinal. 

The  brachiopod  fauna  is  in  the  first  and  second  sandstones;  the  most 
namerons  fauna  is  just  at  the  close  of  the  second  sandstones,  in  the  soft 
shales,  479  A^  The  upper  .sandstones  are  tough  but  thin,  of  a  pinkish 
tinge,  and  contain  minute  streaks  of  brown  iron  ore.  There  is  occa- 
sionally seen  a  passage  of  the  sandstones  into  a  local  bed  of  gravels, 
with  fine  pebbles,  fiat  and  of  a  dark  and  even  black  color.  These  are 
cemented  in  a  calcareous  matrix. 

Faana  of  the  calcareous  sandstone,  479: 

Spirifera  mesocostalis  (commou). 
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8^.  dkjuueta  (mrv). 

Orthia  impresm. 

Wiyiickonella  contracla. 

Sti'ci'torhffHohua  Ckeinungeasu. 

ProduefelUt  hirauta. 

Ambocalia  umbotuita  (rare). 

SanguinoUte*  rigidiu  {=Sphrnoliiii  contrnctim  Hull,  18S5), 

□rinoiil  litems  (large). 

Belleroplion  nuera  f  (frag.).  ■ 

Wucula,  sp.  f 

Ptati/stoma,  ep.t 

FiiQua  of  the  olive  sbules,  47i)  A*: 
Spirifera  meaocottalis  {of  smaller  ami  finer  structure  tliim  tbat  of  the 

8  a  lid  stones). 
Productella  hirsuta. 
Produclella  lackrymosa,  var.  stigmata. 
Producteila  (with  eevcral  varietal  foriiiM  ruuuiag  off  tuwaiil  /'.  tinutia 

aud  P.  speciosa). 
Chaletes,  sp.  (ft  brauchiug  ibrin,  quite  iiliuudnut). 
Mytilarca  Chcmutigeniu. 
BkffttchoiieUa  conti-acta  [ruiiuiuf;  into  the  form  called  R.  sappho,  var.,  by 

Prof.  James  Hall,  Qeol.  Surv.  N.  Y.,  Pal.,  Vol.  IV,  Pt.  I,  PI,  LV, 

Figs.  49,  50). 
Tlio  aI)ove  Bjiecies  are  found  iu  abundance;  the  following  are  less 
commou  : 
Spirifera  di»juncta,  a  small  variety,  with  very  bigli  beak,  in   genenJ 

form  and  size  closely  agreeing  with  the  Iowa  S.  Whitneyi  Hall. 
Orthia  impressa. 
Produetella  rariapina. 
Athyria  Angelica. 

Ortkis  Tioga  (or  var.  0.  Leonenaia),  rare. 
Crania,  sp.l 

Belleropkon,  near  B.  Euclid, 
PaUconeilo  brevis. 
Macrodon  Chemungenaia. 
Modiomorpha  aubalala  f 
ModiomorpAa  qnadrula. 
Loxonema  atyliola. 

Ptyckopteria,  a  form  near  P.  Eugenia  (=P.  Salamanca  Hall,  1S85), 
Crenipecten  obaoletua. 
Crenipecten  crenulatua . 
Pterinopecten  auborbtcuhiria. 

Avicuhpecten,s\i.^,a.  very  finely  striate  fragment. 
Forbeaiocrinua  commHnis. 

Crinoid  stems,  another  species,  with  nodose  Joints. 
Chonetea  actttda. 
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BelfaU  ((uarry,  Belfast,  Allegany  County,  N.  ¥.—4^0 

This  is  an  exposure  about  three  miles  east  of  the  Kockville  section,  ap- 
proximately 50  feet  lower,  or  from  1,340  to  1,3G0  feet  in  altitude. 

'The  sandstone  (480  A^)  is  fine  grained,  of  a  darker  shade  and  finer 
texture  than  the  Cuba  stone,  and  very  similar  to  the  Arcade  stone 
(474  A).  It  also  closely  resembles  the  Bushford  stone  (476  G^).  The 
color  is  gray,  with  a  slight  brownish  or  chocolate  tint,  which  changes 
iil>on  weathering  to  a  purer  gray.  It  is  calcareous  and  upon  fresh  fract- 
ure has  the  i>etroleum  smell  so  common  to  these  sandstones.  Some 
layers  are  flaggy  and  separated  by  thin  partings  of  mica.  At  the  top 
of  the  quarry  are  very  uneven  layers,  as  if  violent  action  of  the  sea 
had  disturbed  the  bottom,  making  it  uneven  with  pitholes.  There 
are  small  masses  of  shale  mingled  with  the  sandstone  and  large  irreg- 
ular masses,  calcareous  agglomerations  of  pebbles  or  fine  gravel  (480  A^). 
These  have  something  of  the  nature  of  concretions,  but  are  mainly 
coarse  sand  and  fine  gravel  cemented  by  calcareous  mud. 

In  these  were  found  the  only  fossils  of  the  station.  Above  and  below 
the  sandstones  the  rocks  are  thinner  layers  of  arenaceous  and  argilla- 
ceous shales,  with  no  thick  layers  and  no  traces  of  fossils  visible. 

Fauna  of  the  concretionary  masses,  Belfast,  480  A': 

Chrtkis  impressa^  large,  broad  variety. 

Productella  hirsuta^  with  spines  from  cardinal  margin. 

Spirifera  meaocostaliSj  third  var.,  with  median  septum. 

Bhynohonella  oontracta^  approaching  the  12.  eximia  type. 

AmhociBlia  umbonata. 

Athffris  Angelica. 

Orinoid  stems,  same  as  in  479. 

Leiorhynchus  sp.  • 

Productella  onusta. 

OkwteteSj  sp. 

Streptorhynchus  ChemungensiSj  var. 

Caieadea,  Allegany  Gonnty,  N.  Y.— 481. 

The  examinations  at  this  station  were  confined  to  the  exposures  along 
Ganeadea  Greek,  up  to  E.  Bushford  (481  G),  and  two  exposures  (481  A 
and  481  B)  made  in  the  hill  a  few  miles  northwest  of  Ganeadea  by 
j>er8ons  who  supposed  they  had  found  a  gold  mine. 

The  altitude  of  Ganeadea  railroad  station,  based  upon  the  profile  of  the 
old  Oenesee  Valley  canal  —  in  the  bed  and  along  the  towpath  of  which 
the  Bochester  division  of  the  Bnfialo,  New  York  and  Philadelphia  Rail- 
road is  bqilt — is  1,224  feet  above  tide.  This  benchmark  I  have  not  been 
able  to  identify  precisely.  By  aneroid  barometer,  the  cliff  above  476  G 
is  estimated  to  be  1,400  feet  in  altitude.  The  cliff  to  the  base,  G"",  is  140  to 
150  feet,  or  say  1,350  feet  in  altitude.    The  other  stations,  according  to 
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awerokl  iCfiKOuiog,   are,  4H1  A,  1,(J0U  fpct,  ami,  481  U,  l,7(Mf  feet  iu 
altitude. 

The  dip  of  tlie  rocks  in  (lie  creek  is  very  slijrbt,  but  wliat  tliere  is  is 
QortUward.  At  470  A  two  or  tlirce  miles  north  of  Riisbford  tbe  dip 
is  strongly  northward,  aud  at  tbe  base  of  the  creek  tlie  rocks  incline 
to  the  sonthwest. 

Shfan  ricoTaliua,  aliove  Tanrailca.— 481  A. 

This  section  is  an  opening  nifide  on  the  f;irm  of  Mr.  SLeau,  uear  tlit^ 
division  line  between  Caneadea  and  Bushfon)  Townships, -aboat  two 
miles  in  direct  line  northwest  of  Caneadea  village.  It  was  opened  on 
the  Bnpposition  that  gold  and  silver  ores  were  there  in  rich  quantities. 
The  report  of  this  "silver  mine"  I  beard  of  at  several  places  in  tbe 
county.    By  aneroid  estimate  the  altitude  is  about  1,000  feet. 

The  rock  exposed  is  mainly  a  gray  calcareous  sandstone,  highly  foo- 
siltferons.  The  stone  varies  iu  the  amount  of  calcareous  matter.  In  the 
moie  compact  portions  tbe  sandstone  is  of  a  dark  bluish  gray  color 
irnd  the  matrix  appears  to  be  almost  pure  carbonate  of  lime ;  but  where 
tbe  sandstone  is  loose  textured  it  is  a  pure  light  gray,  with  little  or  no 
carbonate  of  lime. 

The  facts  suggest  that  the  difference  is  due  to  a  solution  and  removal 
of  the  lime  troia  tbe  more  compact  variety  lo  form  the  loose  textured, 
light  gray  variety.  The  presence  of  petroleum  in  tbe  porous  sandstones 
probably  had  no  relation  to  the  origiual  deposition  of  the  sandstones, 
but  wherever  these  beds  of  calcareous  sandstone  were  made  porous  by 
removal  of  the  carbonate  of  lime  the  conditions  were  present  for  the 
absorption  and  retention  of  pctroloiim  distilled  from  underlying  black 
csrboaaeeous  shales.  The  sandstone  weathers  a  little  brownish,  bnt  tlie 
iron  stain  is  very  slight.  Tlie  sandstone  becomes  coarse  in  places,  form- 
ing a  fine  gravelly  conglomerate,  with  flat  and  dark  colored,  stiicions 
pebbles,  the  matrix  calcareous,  and  containing  fragments  of  tish  bones, 
shells,  and  chips  of  wood  very  similar  to  470  C^ 

The  fossils  in  4S1  A  are: 
Amboecclia  umbonata,  abundant. 
Productella  {lachrymosa,  var.  T  see  beyond). 
ProducUlla  hirauta,  var.,  small. 
Rhyachoiiella  contract  a. 
Spirijera  mi-^ocoslaUa,  second  var.  with  strong  median  septum,  and  tbird 

var.  coarse  and  with  reduplicated  fold. 
Ortkis  Tioga. 
Orthis  impressa,  larger. 
Stieptorhynchus  Chcmungensis. 
Rhynchonella,  sp.t  (like  B.  EorsforiU,  broad). 
Crinoid  stems. 
Chietetes,  sp.,  slender  branching  form. 
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f  Lingula,  with  punctate  inDer  layor. 

Spirifera  disjuncta, 

Auloporaj  sp. 

f  f  Cnfptonellaj  sp.,  a  fragment. 

Caneadea  Creek,  lower  part.— 481  C. 

This  is  the  section  referred  to  in  Geology  of  Fourth  Dist.,  N.  Y.,  p. 
485,  as  ^^a  good  exhibition  of  the  characteristics  of  the  base  of  the  Ghe- 
mang  group  of  this  part  of  the  State,  better  than  is  elsewhere  seen." 
The  distinction  between  this  section  and  those  of  Steuben  County  con- 
Bists  mainly  in  the  prevalence  here  of  the  ^^  pure  aluminous  shale  of  a 
deep  green  or  bluish  green  color,''  with  intervals  only  of  thin  sandstones. 
The  green  shales  referred  to  prevail  in  all  the  lower  part  of  this  ravine. 
I  would  describe  them  as  a  fissile,  greenish  gray  shale,  argillaceous, 
weathering  brownish  with  iron  stain,  and  containing  at  intervals  streaks, 
from  an  eighth  of  an  inch  to  several  inches  in  thickness,  of  hard,  sili- 
cions  sandstone,  the  surface  of  which  is  often  rough  and  uneven  and 
sprinkled  with  mica  grains.  In  the  upper  parts,  from  476  G  upward, 
the  sandy  layers  are  more  conspicuous  and  thicker  and  of  looser  texture 
and  coarser  grain,  forming  strata  of  a  foot  or  more  in  thickness.  These 
are  referred  to  in  another  place. 

The  shales  contain  a  few  fossils  as  low  down  as  Caneadea,  but  there 
they  are  rare  and  are  mainly  Leiorhynchus  mesocostalis  and  L.  multi- 
cagta.  A  single  Bhynchanella  sappko,  var.,  was  found,  and  a  Productella^ 
which,  though  differing  from  any  particular  figure  and  description,  is 
probably  a  variety  of  P.  hirsuta.  This  general  character  of  deposits 
continues  up  to  the  base  of  the  cliffs  at  476  G.  an  account  of  which  is 
given  in  another  place. 

Friendship,  AUesany  County,  N.  Y.— 491. 

The  exposures  at  Friendship  were  examined  at  Mr.  P.  Miller's  quarry 
and  in  the  ravines  south  of  the  village.  They  lie  at  about  the  same 
altitude  as  the  Cuba  quarries  and  above  them  and  are  directly  east  of 
Cuba.  Substantially  the  same  scries  of  rock  deposits  and  the  same 
faonas  were  met  with  as  in  the  ravine  south  of  Cuba  (477  E).  In  the 
higher  exposures  the  micaceous  flags  were  reached ;  a  red  band  was  seen 
before  the  close  of  the  Chemung  fauna. 

Mr.  Miller  showed  me  several  fine  specimens  of  Dictyophyt^m,  two  of 
which  were  presented  by  him  to  Cornell  University.  They  came  from  a 
fine  compact  sandstone  lying  above  the  Chemung  fauna.  The  sand- 
Btones  exhibit  traces  of  the  same  polished  quartz  gravel  seen  in  the  same 
layers  of  the  Cuba  sandstones. 

WeilsFilie,  Allegany  County,  N.  T.— 492. 

There  is  a  quarry  on  the  hillside  at  Wcllsville  a  hundred  feet  above 
the  railroad,  the  top  reaching  over  1,G00  f^et  elevation  above  tide.    In 
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this  (luai-ry  tLo  prevailiug  rocks  are  a  brownish  (rray  saiidBtonc,  in  not 
very  thick  courses,  tliiu  beddetl  luicaceous  sbnleit,  uDil  auft,  fragile  olive    } 
shales,  with  an  irregiiUr  seam  of  fossil iferous,  red,  areaacouus  shale. 

In  the  sandstone  are  — 
Spirifcrit  ditjuncta,  abundant. 
Froduetella  AiVsuttt. 
Ambocalia  umbonata. 

A  large,  flat,  flsb  suule,  the  Hurfatw  brokun  off  so  that  it  canuot  be  d«itT- 
mined;  but  the  nature  of  the  bone  still  preservecl  is  like  that 
of  IIolaptj/vMm. 
Ceriopora,sp.,ini»ts  shon-ing  the  form  of  branching,  but  no  straotore. 

In  the  soft  olive  shales  —  i 

Bkynchonella  fontriKta.  , 

Productelta  costatula,  var.  | 

Ceriopora,  same  as  above.  '  i 

The  red  shales  are  oiilitic  in  s[>ot»  and  also  contain  streaks  of  BM 
polished  pebbles.    The  fossils  are  generally  iu  imperfect  conditioD]  the    I 
fish  remains  arc  in  broken  fragjneuts.   The  fullu^villg  species  were  recog- 
nized: 

Spirifera  dUjuncta,  rare. 

Qtmiophora  Chemunijensig,  small,  and  with  rather  coarse  concentric  striae 
Mytilarca,  ep.,  small,  and  presenting  characters  between  .1/.  occtdentaiu 

nnd  M,  simplex. 
Miicrodoii  Chemuiiijnmn,  small. 
Qrammyiia  communia. 
A  small  Orthoserai,  an  Aciculopecten,  a  Crenipecten,  and  a  small  Paiteo- 

n^lo,  none  of  them  perfect  enongh  for  st>ecific  identiflcatioD. 
The  branches  of  Ceriopora,  sp.,  seen  in  the  other  shales,  and  orooDg  the 
grains  a  few  minute  spiral  shells. 

Id  the  same  quarry  are  seen  layers,  or  rather  large  lumps,  of  a  sort 
of  pndding  of  white  sand,  mingled  with  small  nodules  of  green  clay 
and  streaks  of  mica  flakes. 

This  condition  of  rock  appears  to  indicate  a  transition  of  conditions, 
in  which  considerable  diaturhance  took  place,  but  the  break  indicated 
was  so  alight  that  the  mud  at  the  bottom  was  still  mud  nnd  not  consoli- 
dated into  rock  when  the  sand  was  thrown  down  upon  it. 

Very  similar  characters  were  seen  in  the  sandstone  quarry  at  Aroade. 
The  horizon  of  this  quarry  is  considerably  above  that  of  the  Cuba  sand- 
stones, but  liL-lwctia  !!■  ami  I  In*  Wolf  Creek  conglomerate. 

m. 

Iciillfd  Piiillipsbnrg  in  the  New  York  State  geo- 

which  many  species  are  quoted, 
'bich  ia  quarried  in  several  places  in  the  neighbor- 
Mlcareoiis,  and  with  petroleum  smell.    It  is  under- 
rdiale,  as  is  the  case  with  the  Cuba  sandstone.    It 
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lies  at  about  1,450  feet  elevation  and  represents  very  closely  the  hori- 
zon of  the  Bockville  sandstone,  479. 

&ome.of  the  more  common  species  are — 
Spirifera  mesacostdHs^  second  and  third  varieties. 
Orthis  impressaj  large. 
Streptarhynckus  Chemungensis 
Shynchonella  cantracta. 
ChroMmffHa  elliptiea. 
Produetella  hirsuta. 

HorDellsfille,  StenbeD  County,  N.  T.— 494. 

On  my  retnm  eastward  I  stopped  at  Homellsville,  where  I  made  an 
examination  of  some  clifb  along  the  railroad  west  of  the  town,  at  which 
I>oint  is  exposed  a  section  of  about  a  hundred  feet,  beginning  at  the  base 
at  1^200  feet  elevation,  the  railroad  grade  at  the  station  being  1,161  feet 
above  tide. 

Bnnning  eastwaird  along  the  Erie  Railroad  from  Allegany  County,  the 
Bnmmit  at  Alfred,  elevation  1 J93  feet,  presents  some  cliffs  of  heavy 
sandstones  and  shales  which  are  well  up  in  the  Chemung;  but  as  we  go 
down  the  grade  no  strong  sandstone  layers  are  met  with  as  far  as  Hor- 
nellsville,  elevation  1,161  feet,  and  from  there  to  Elmira,  elevation  863 
feet,  the  whole  series  is  made  up  of  alternate  layers  of  arenaceous  shales 
and  stiff  seams  of  thin  bedded  sandstone  of  a  prevailing  dark  brownish 
gray,  no  light  or  pure  grays  appearing,  nor  are  there  any  of  the  gray 
sandstones  marking  the  Upper  Portage  and  Lower  Chemnng  of  the  Wy- 
oming-Allegany section. 

For  topographical  and  stratigraphical  reasons  I  thought  that  at  about 
this  iK)int,  which  is  intermediate  between  the  two  long  sections  of 
Tompkins-Tioga  Counties  and  Wyoming-Allegany  Counties,  would  be 
found  the  horizon  at  which  the  Portage  and  Chemung  faunas  meet. 
Stratigraphically  it  should  lie  not  far  from  the  horizon  ef  the  Portage 
sandstones  of  Portage  Falls,  and  for  similar  reasons,  looking  eastward, 
it  should  lie  several  hundred  feet  above  tbe  horizon  of  the  Ithaca  shales. 
Upon  examining  the  rocks  I  found  it  even  more  important  than  I  had 
exi>ected.  The  general  appearance  of  the  cliff,  is  very  similar  to  those 
in  Caneadea  Creek  below  Bushford,  but  here  there  are  none  of  the  light 
colored  sandstones  of  Allegany  County. 

The  section  (494  A)  presents  the  following  lithological  characters  and 
£BUinas  from  below  upward : 

(1)  A  stratum  of  very  dark,  almost  black,  shale  appears  at  the  base; 
this  is  lithologically  identical  with  the  upper  black  streaks  underlying 
the  Portage  sandstones  at  Portage  Falls. 

(2)  These  black  shales  are  followed  by  soft  fragile  shales,  olive  gray 
in  color,  and  bearing  a  very  interesting  fauna,  marking  very  decidedly 
the  transition  between  tbe  Portage  and  Chemung  faunas. 
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The  8peoie«  identified  were  tbo  following : 
Carilwla  Kpcclosa,  coniiDon  {^Glifptoninlia  sptcioaa  Dall,  ISSC), 
PaUnneilo  plana,  var.     A  aniall  form  frequently  seen  in  the  Portage 

ebalus;  it  appears  iDdistingaishable  frooi  P.  plana,  except  that  in 

size  it  is  much  smaller 
Coleolm  acicula, 

Colcolu)i{Cokf>prioH)  tenvicmctum. 
Fragments  of  a  small  Ortboceras  and  of  GoniatUes  of  the  0.  bitx, 

type. 
Produetella  speeioaa,  a  8tnj;le  valve  of  small  size. 
Fragments  of  Cladochonm  ami  of  criuoitl  stems. 
Orthig  Tioga,  several  specimens,  Bmidl,  but  with  the  characteristics  1^ 

that  species. 
The  Cardiolrt  and  the  Palieoneilo  of  this  shale  (trhicb  are  the  pria- 
uipal  fossils,  the  others  being  of  rare  occurrence)  are  identical  with 
those  of  the  last  olive  Portage  shale  of  the  section  at  Portage  Falls, 
[see  J).  51),  and  the  whole  fauna,  except  the  Produclelld  and  tli«  Orlkit, 
[s  purely  Portage  in  character. 

(3)  Above  this  are  coarser  shales  and  thin  layers  of  argillaceous  sauil- 
Btuue,  staining  brown  iu  places,  with  occasional  thin  streaks  of  light 
or  nearly  white  sand  in  the  midst  of  the  olive  shales,  just  as  they  occnr 
ftt  statiou  4TG  Q,  in  Oaneadea  Creek  below  Ruahford,  in  which  was  found 
the  earliest  apiiearauce  of  Chemung  fauna  for  the  eastern  part  of  that 
section. 

The  fauua  of  this  zone,  41)i  A\  was  as  follows: 
Lciorhynckus  muUicotta,  ruuDing  into  the  form  L,  mesoeoitalit, 
Amhoccelia  umbonata. 
Produetella  speciosa,  a  few  specimens. 
Spirifera  mesoitrialts,  a  single  specimen,  but  with  the  characteristitf 

markings. 
Spin/era  viesocostalis,  a  single  poor  specimen 
Ortkis  Tioga,  larger  than  those  below. 
Ehi/nckoneUa  Stepkarti  T,  a  coarse  variety  approaching  R.  contracta. 

This  fanna  ia  in  its  main  features  like  a  forerunner  of  the  Chemang 
fauna  occurring  a  few  miles  south  of  Ithaca,  lying  far  above  the  Ithaca 
fauna.  The  Lciorhynckus  and  Ambocwlia  are  the  common  species;  the 
others  are  raro  or  seen  in  a  few  specimens.  The  list  of  species  token 
as  a  whole  is  simitar  to  that  of  476  G",  at  the  base  of  the  Chemnng 
series  in  Allegany  County,  although  the  Orthis  of  that  fauua  is  0.  im- 
pream,  while  this  one  is  0.  Tioga.  This,  however,  is  evideotly  a  geo- 
graphical feature,  as  the  common  species  of  Orthis  in  the  Cbemong 
faunas  of  Allegany  County  ia  Orthis  impressa,  while  0.  Tioga  la  the 
more  common  form  in  Tioga  and  Chemung  Counties. 

(4)  Immediatelyfollowingaremorosandy  layers,  with  Gh^inttn^faaDa 
wherever  fossils  occur  in  them. 
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In  one  slab  Beveral  good  S^rifera  mesocoatalis  were  seen,  all  marked 
with  the  stroDg  median  septum  not  developed  in  the  specimens  living 
at  the  Ithaca  stage.  This  single  section  throws  considerable  light  upon 
the  history  of  the  faanas  we  are  studying.  Geographicaljy  it  lies  be- 
tween the  two  main  sections  already  fully  developed.  One  of  the  most 
striking  differences  between  those  two  sections  is  seen  in  the  interval 
between  the  Genesee  shale  and  the  zone  containing  the  first  Spiri/era 
disfuneta. 

In  Wyoming  County  this  interval  is  filled  by  a  long  series,  of  a  thou- 
ei|ind  feet  or  so,  of  black  and  olive  shales,  containing  respectively  the 
Lingula  fauna  of  the  Genesee  and  the  Cardiola  speciosa  fauna  of  the 
Portage,  and  is  terminated  by  thick  deposits  of  gray  sandstone. 

In  Tompkins  and  Tioga  Counties  the  black  shales  terminate  a  short 
distance  above  the  Genesee ;  a  special  Portage  fauna,  the  Spirifera  Icevis 
fi&una,  occurs  near  the  base  of  the  Portage ;  a  few  hundred  feet  higher 
a  rich  brachiopod  fauna,  that  of  the  Ithaca  group,  occupied  the  field. 
While  two  or  three  hundred  feet  of  sediments  were  depositing,  this 
fanna  withdrew  and  the  Cardiola  speciosa  returned,  and  is  occasion- 
ally seen  in  the  almost  totally  barren,  flaggy,  arenaceous  shales  and 
sandstones,  until  at  about  the  same  distance  above  the  Genesee  shale, 
B8  in  the  more  western  section,  the  Chemung  fauna  begins  to  appear 
with  the  first  Spirifera  dujuncta. 

The  stratigraphical  conditions  help  us  very  little  in  interpreting  these 
differences,  except  that  the  coincidence  of  the  occurrence  in  each  section 
of  the  first  good  representation  of  the  Spirifera  disjuncta  fauna  in  a  bed 
of  heavy  calcareous  sandstone  is  suggestive  of  a  common  horizon. 

The  fossils  of  the  Hornellsville  shales  show  us  definitely  where  we 
are  in  the  history  of  the  faunas.  Stratigraphically  these  shales  are  at 
the  general  horizon  of  the  passage  beds  of  Portage  Falls,  and,  comx)ared 
with  the  eastern  section,  near  the  point  at  which  the  genuine  Chemung 
fanna  first  appears. 

The  fossils  show  that  the  Portage  fauna  is  still  intact,  even  in  the 
presence  of  a  characteristic  species  of  the  true  Chemung  fauna,  Orthis 
Tioga.  The  presence  of  this  species,  instead  of  0.  impressa^  shows  that 
we  are  dealing  with  an  eastern  extension  of  the  fauna.  >The  Spirifera 
meBoeostaliSy  with  strong  median  septum  in  the  ventral  valve,  as  well 
as  the  Orthis  J  is  evidence  that  we  are  far  above  the  stage  of  the  Ithaca 
fanna. 

Taking  aU  the  facts  together,  we  could  scarcely  hope  to  find  stronger 
confirmation  of  the  hypothesis  advanced  in  my  report  in  XJ.  S.  Geological 
Survey  Bulletin  No.  3  that  from  a  paleontological  point  of  view  the  Ith- 
aca group  and  its  fauna  are  really  intercalated  in  the  midst  of  the  de- 
posits which  in  western  counties  are  regarded  as  one  continuous  series  on 
account  of  their  fauna  holding  its  integrity  from  the  beginning  to  the 
close.   I  regard,  therefore,  the  Ithaca  fauna  as  a  separate^  earlier  stage 
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of  tbe  Chemung  faana,  io termed iato  between  it  and  tliat  of  tlie  Hamil- 
ton group  and  occupying  an  intermrdiate  position ;  while  the  special 
fauna  of  tbe  Portage  shales  is  a  more  general  one,  probably  of  partially 
pelagic  character,  less  restricted  in  both  geographical  distribation  and 
geological  range,  but  duriug  the  Middle  and  Upper  Devonian  making 
its  appearance  where  the  conditions  were  unfavorable  for  tbe  more  vig- 
orous brachiopod  faunas,  and  rarely,  except  at  points  of  transition  to 
another  zone,  mingling  with  any  brachiopod  fauna, 
(S«2) 


CHAPTER  IV. 

THE  UPPER  CHEMUNG  — THE  SANDS  AND  THE  CONGLOMERATES. 

As  we  pass  above  the  principal  Ohemang  faunas  we  find  coarse,  flaggy 
sandSy  red  beds,  and  conglomerates.  The  conglomerates  are  of  two 
kinds :  The  first  is  composed  of  smooth,  gravel-like  pebbles,  with  layers 
of  flat  pebbles,  and  is  called  the  flat  pebble  conglomerate.  The  higher  is 
composed  of  large,  coarse  pebbles,  not  mnch  worn,  and  sand ;  this  is  the 
Olean  conglomerate  and  its  equivalents. 

The  exposures  of  these  deposits  were  examined  at  Clarksville,  483; 
Little  Genesee,  484 ;  and  Bolivar,  485,  all  in  Allegany  County,  New 
York ;  at  Portville,  486;  Olean,  487;  Great  Valley,  490,  of  Cattaraugus 
County,  New  York ;  and  at  Bradford,  488,  and  Alton,  489,  in  McKean 
County,  Pennsylvania. 

Clarksville,  Allegany  Connty.— 48S. 

This  station  is  si:^  miles  south  of  Cuba  and  upon  higher  ground,  the 
hills  running  up  to  two  thousand  feet  above  tide  level.  The  rocks  ex- 
posed are  of  a  geological  horizon  higher  than  the  highest  of  the  Cuba 
section,  but  the  base  of  the  Clarksville  section  is  the  same  paleontological 
zone  as  that  seen  in  the  ravine  south  of  Cuba  (477  E). 

In  the  township  of  Clarksville,  including  the  upper  part  of  Wolf 
Greek,  where  the  flat  pebble  conglomerate  is  seen  in  full  development, 
we  find  the  passage  from  the  olive  shales  and  the  thin  bedded  sand- 
stones of  the  Upper  Chemung,  with  their  typical  fauna,  through  the 
coarse,  yellow  sandstone  and  flat  pebble  conglomerate  with  an  occasional 
jasper  pebble,  which,  all  through  this  region,  is  recognized  as  the  first 
of  the  Devono-Carboniferous  conglomerates,  and  thence  up  into  the 
green  and  red,  arenaceous  shales  and  those  green,  micaceous  shales,  of  a 
loose  and  mealy  texture,  so  characteristic  of  the  Catskill  deposits  farther 
east. 

The  lowest  exposure  (483  A*)  examined  in  this  locality  was  a  ledge 
cropping  out  in  a  small  run  about  half  a  mile  northwest  of  the  railroad 
station  at  an  altitude  of  approximately  1,745  feet  above  the  sea.  Near 
this,  in  the  same  side  hill,  is  the  second  exposure  (483  A^),  from  nine  to 
ten  feet  higher.  The  rocks  at  these  exposures  are  green,  argillaceous 
shales,  with  thin,  flaggy  sandstones  and  arenaceous  shales  with  fossils. 

The  green  shales  (483  A')  contain  the  following  species : 
RhyncKonella  contra^ta^  numerous,  large,  and  variable. 
Leptodesma  Mortoni^  var.,  of  the  form  of  L.  potens  and  L,  Mortoni  Hall, 
Plapt  remains,  chips,  and  fragments  of  stems, 
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III  483  A',  a  few  feet  alwve  A',  tbe  'aLalea  are  more  areuaccous  atii) 
darker,  are  iron  staiucd  upon  weatheriug,  and,  tliougli  tUeycontaiu  tbe 
same  Leptodesmas,  tlie  principal  fossils  are  brachiopods.  Tlio  aauclj' 
layers  are  micaceous,  and  though  dark  havo  a  trace  of  the  mealy  texture 
peculiiLT  to  the  green  Oatskill  rocks  as  they  appear  farther  east.  Oae 
Blab  contains —  ^^M 

AtkgrU  Angelica.  ^H 

LeptoSesma  MortoHt,  var.  ^^M 

Productella  kimuta,  var.  near  P.  hirsuta,  bat  not  the  typical  form. 
Traces  of  RJiynrhondla,  sp.,  Splri/era,  sp.,  and  crinoid  stems. 

In  other  slabs  Spiri/cra  di*ju«cta,  AtkyriH  Angelica,  and  the  J.cpto- 
deamaa  are  associated. 

Taking  tbe  species  occurring  within  two  or  three  feet  of  one  another 
88  of  a  single  /.one,  we  have  the  following  fauna  for  iS3  A' : 
Spirifera  diitjuncta,  the  most  ft-eqneut  siiecies. 
Athyris  Angelica,  common. 
Shynchonella  contratta,  small  variety. 

Leptode*ma,  ap.,  of  tbe  L.  Mortoni  type,  some  siieciuiens  apprunchiu^' 
L.  ruhmtum  and  others  L.  potens. 
And  of  tbe  following  species  single  specimens  are  rare: 
Spathtlla  typica,  Halt,  distortetl,  resembling  Xt/assa  arguta. 
Mytilarea  Chemungensia. 

Productella  oostatuta,  var.,  a  small  form  of  the  type  of  P.  costatukt. 
A  trace  of  a  Pterinopectett,  sp. 

Sanguitioliteii  rigidm  i  =  tSpkenotvx  contractun  Halt,  1885). 
f  Macrodon  Chemungensis. 

On  the  eastern  side  of  the  valley  is  a  very  steep,  bigh  hill,  rising  rap- 
idly from  the  valley,  and  on  its  side  the  recks  occasionally  crop  out,  not 
in  solid  strata,  hut  in  broken  pieces,  disintegrating  rapidly,  and  partly 
covered  by  soil.  The  order  of  the  rocks  composing  this  hill  is  easily 
traced  by  these  loose  pieces  on  the  surface,  but  it  would  not  be  safe  to 
place  any  dependence  upon  the  actual  altitude  of  occurrence  of  any  par 
ticular  stratum.  This  is  483  B.  The  place  for  the  lower  conglomerate 
is  between  the  base,  about  1,880  feet,  and  the  top,  approximately  2,110 
feet,  in  altitude,  but  I  found  no  trace  of  the  genuine  conglomerate 
on  it.  The  lowest  rocks  appearing  contain  th6  same  fauna  foand  oathe 
other  side  of  the  valley,  at  483  A.  The  rock  is  a  dark,  arenaceous 
shale,  micaceous  in  some  layers  and  weathering  brownish.  At  the 
base  of  tbe  bill,  and  within  the  first  120  feet,  tbe  above  are  the  prevail- 
ing characters  and  tbe  following  species  were  detected  as  constitDting 
the  fauna  of  4S3  B< : 
Spirifera  disjmtclfi,  frequent. 
Productella  costatula. 
Rhynchoiiella  contractu,  small  var.,  and  approaching  the  type  R,  dvj^ 

cata. 
Oionetes  scHula,  rare. 
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A  small  Chfvtetesj  sp. 

Orthis  LeonensiSj  same  as  seeu  in  the  red  beds  of  477  E  and  greeu 

shales  of  477  H. 
Mytilarca  ChemungensiH^^mM  var. 

Athyris  f  Angelieay  probably  A,  angelica j  but  near  the  form  of  A,  polita* 
SanguinoUtes  davulus  {=8phenotu8  clavulus  Hall,  1885). 

In  the  upper  portion  of  this  part  of  the  section,  483  B*,  traces  of  the 
conglomerate  are  seen  in  the  form  of  fine  pebbles,  with  oblique  bedding 
on  the  ordinary  dark  brownish  gray  sandstone. 

A  slab,  one  side  of  which  is  thus  turned  into  conglomerate,  contains 
a  fine  specimen  of  Grammysta  suharcuata.  Another  slab,  with  the  same 
Orammysiaj  contains  also  some  imperfect  Bhynchonellas  of  the  B.  con- 
tracta  type.  Large  oblique  Leptodesma^j  of  the  L.  Mortoni  ty])e,  appear 
in  the  same  association. 

Above  these  fossiliferous  shales  (B^)  occur  light  colored  green  shales, 
not  calcareous,  but  breaking  up  into  lumpy  pieces.  They  are  arenaceous 
and  with  streaks  of  the  fine  green  mud  shales  (B').  Above  these  are 
thin,  fragile,  red  shales,  first  iu  thin  streaks  with  the  greeu,  but  the 
top  of  the  hill  is  a  rich  red  earth  of  several  feet  in  thickness,  composed 
of  the  disintegrated  red  shales. 

As  well  as  can  be  determined  from  surface  indications  the  uppermost 
hundred  feet  is  composed  of  alternation  of  the  green  and  red  shales, 
some  layers  micaceous  and  mealy,  others  fine  red  mud  shale,  constitut- 
ing the  sjiecimens  designated  483  B',  B%  and  B^  in  tlie  collections,  and 
at  an  altitude  from  two  thousand  to  twenty-one  hundred  feet  above  sea 
level. 

It  18  perfectly  evident  on  ascending  this  hill  that  we  pass  from  the 
Upper  Ghemung  zone  through  the  zone  which  in  other  places  is  repre- 
sented by  a  conglomerate,  the  first  or  flat  pebble  conglomerate,  and 
pass  upward  a  hundred  feet  at  least  into  the  estuary  or  brackish  water 
deposits  represented  in  the  green  and  red  shales,  devoid  of  fossils  and 
often  micaceous  and  presenting  the  peculiar  mealy  appearance  so  char- 
acteristic of  the  barren  measures  which  separate  the  typical  Chemung 
deposits  from  the  conglomerates,  forerunners  of  the  Goal  Measures. 

Ascending  the  hill  on  the  west  side  of  Gentervillo  Valley,  or  Dodge's 
Creek,  and  passing  over  into  the  valley  of  Wolf  Creek,  on  the  eastern 
slope,  we  find  the  same  conditions.  At  the  base  traces  of  the  Chemung 
fauna  are  seen  for  one  or  two  hundred  feet,  then  we  run  into  the  green 
and  red  shales,  with  traces  of  the  flat  pebble  couglomerate  intervening 
at  an  altitude  of  about  1,950  feet,  above  which  the  green  and  red  shales 
hold  on  uninterruptedly  to  the  top  of  the  hill,  over  2,100  feet  high,  and  the 
micaceous  structure  is  more  frequent,  with  a  tendency  to  form  evenly 
laminated  layers,  separated  by  deposits  of  nearly  pure  grains  of  mica. 
As  the  mica  grains  are  more  abundant  so  also  are  they  larger  than  in  the 
rocks  of  the  same  horizon  on  the  hill  a  couple  of  miles  fiirther  east.  As 
we  descend  the  western  slope,  into  Wolf  Creek  Valley,  we  find  traces  of 
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thoconglomoratG  at  tbo  iwiul.  of  junction  of  tho  OJiemuug  fauna  beannt; 
rocks  below  nud  the  green  aoil  red  barren  Btiales  above,  and  across  on 
I   the  west  side  of  Wolf  Creek  Valley,  near  its  Lead,  is  a  fine  representa 
I    tion  of  tUo  fliit  pebble  conglomerate. 

The  altitude  of  outcrop  of  tiiia  conglomerate  on  l>oth  sidtts  of  the  hil! 
is  not  far  from  1,950  feet,  and  above  2,000  feet  no  oonglooierate  or  frag 
mentfi  of  it  are  seen.  But  in  the  small  runs  below  this  altitude  lar^o 
blocks  of  the  coarse  sandstone,  morgiug  into  fine  conglomerate,  \vi(li 
streaks  of  larger  flat  pebbles,  are  frequent.  On  the  cxtreue  topof  tli.' 
4111,  which  by  aneroid  was  estimated  to  be  2,2o0  feet  above  sea  li-vd, 
'  aloosQ  block  of  nearly  white  sandstone  with  a  few  pebbles  was  foand, 
bat  HO  outcrop.  TUis  may  be  a  drift  fm  u  the  seeond  conglomerate, 
but  the  several  hundred  feet  of  green  and  re<l  shales  below  it  preclude 
the  idea  of  the  occurrence  of  the  firnt  flat  jiebble  conglomerate  at  thia 
altitude. 
Wolf  Crttk  conilemeralc,  -481  C. 

This  conglomerivto  is  best  seen  near  the  head  of  Wolf  Creek,  orer 
the  hill  directly  west  of  Clnrksvllle,  or  "Centorville  Station."   The  main 
I   mass  of  it  lies  between  1,930  and  2,000  feet  in  altitnde  (aneroid  esti- 
I   mate),  anditmay  be  fifteen  or  twenty  feet  in  thickness;  atnoplace  wi-n' 
I   both  top  and  bottom  seen  exi)osed.     In  the  bed  of  the  stream  are  largu 
L 'blocks  of  it  trom  six  to  ten  feet  thick.    Its  general  character  is  a  coarse, 
'  loosely  agglutinated,  silicious  aamlstone,  of  a  yellowish  color,  iu  enuii- 
plaeea  stained  stnm^ly  brown,  at  other  pl.ieos  bleaclied  nearly  while, 
obliquely  laminated,  with  the  direction  of  tho  obliquity  reversed  aer- 
ernl  times  during  its  deposition,  containing  streaks  of  coarser  gravel, 
and  occasionally  becoming  a  tliick  mass  of  gravel  and  flat,  white,  sili- 
cious pebbles,  with  an  occasional  pebble  of  red  jasper. 

The  fossils  occur  at  or  near  the  top,  where  the  rock  abruptly  changes 
into  the  ordinary  brown  gray,  arenaceous  shales,  with  distinct  traces 
of  the  Chemung  brachiopod  fauna  agaiu.    The  animal  remains  of  (lie 
conglomerate,  433  0,  constitute  a  characteristic  fauna  recognized  in 
several  other  places  under  like  conditions.     At  this  locality  numerous 
cbi|»s  of  carbonized  wood  were  found,  as  well  as  the  following  HpecicM: 
I'aleeanatina  typa,  abundant. 
Afof3iola pr(Eeedeiis,  common. 
Ci/rtocerot  t  Hector,  several  specimens. 
OrtJioceras  1sp.  =  ?  0.  Pemua. 
Ooniophora  Cltemungcnsis,  single  specimen. 
Leptodestna  tickaa  t  resembling  L.  t'cka^  Hall. 
Spiraxia  t  Randalli,  var.  Newberry.' 
Spiraxisf  major  Newberry. 

>  The  iiamo  Spiraxii\»  pri;oi:cti]>iuil  lot  ugviiiit  ul'  Ijiisteruiioda.  by  L',  B.  Adoma,  1B50. 
I  propose,  therefore,  for  this  goniis  tho  uatiie  of  Prospiraiii. 
JosEl,  1887.  1I.S.W. 
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These  last  two  pecaliar  spiral  fossils  are  ideDtified  with  Spiralis  de- 
scribed by  Prof.  J.  S.  Kewberry  in  the  Annals  of  the  New  York  Acad- 
emy of  Sciences,  Vol.  Ill,  No.  7,  p.  220  (read  December  10, 1883).  Neither 
of  them  agrees  precisely  with  the  figures  or  specimens  described  by  Pro- 
fessor Newberry;  but,  as  the  specimens  themselves  are  imperfect  and 
from  study  of  these  and  other  known  specimens  it  is  found  that  the 
detailed  characters  presented  by  their  peculiar  forms  are  not  uniform, 
it  is  believed  that  the  truth  is  more  nearly  reached  in  referring  them 
provisionally  to  these  species  than  it  would  be  if  an  attempt  were  made 
to  make  them  the  types  of  new  species.     . 

Little  Oenesee,  Alleganr  Gonntf,  N.  T.— 484. 

Genesee  is  the  next  township  south  of  Olarksville  and  lies  next  to  ihe 
State  line.  The  "rock  city"*  north  of  Little  Genesee,  484  A,  is  about 
fiVe  miles  south  and  a  little  east  of  the  Wolf  Creek  conglomerate  ex- 
posure west  of  Olarksville,  483  C,  On  the  southern  slope  of  the  hill 
on  the  top  of  which  "rock  city"  is  situated  traces  of  the  Wolf  Creek 
conglomerate  were  seen  in  slabs  and  blocks  between  the  elevations  of 
l,9i:5  and  1,975  feet  The  rock  was  not  seen  in  place,  but  fragments  of 
it  were  met  several  times  along  this  zone  and  none  above.  The  small 
flat  iiebbles  were  very  distinct  from  the  round  and  larger  pebbles  of  the 
second  conglomerate  of  the  "rock  city."  Along  the  railroad,  from 
Olarksville  to  Little  Genesee,  as  well  as  in  the  sections  on  the  hillsides, 
the  series  of  strata  were  in  the  same  general  order  as  at  Olarksville. 
No  extended  exposure  was  discovered  where  the  precise  thickness  of  the 
individual  masses  could  be  measured. 

The  Chemung  fossils  were  rarely  seen  above  the  horizon  of  the  first 
(Wolf  Creek)  conglomerate  and  but  for  a  short  distance.  After  the 
green,  micaceous,  and  flaggy  shales  and  the  soft,  red  iron  shales  had 
fairly  set  in,  the  Chemung  fauna  ceased. 

.  With  the  incoming  of  the  second  conglomerate  of  Little  Genesee 
"rock  city,"  there  was  deposited  a  coarse  mixture  of  clay,  iron  ore,  and 
yellow  sand  with  fossils. 

DESCRIPTION   OP  RnVNCHONELLA  ALLEGANIA. 

This  ferruginous  sandstone  is  characterized  by  a  Bhynchonella  of  large 
size,  differing  from  any  species  lower  in  the  series,  but  it  also  contains 
frequent  specimens  of  Spirifera  disjunctaj  linking  its  fauna  with  the 
Chemung  fauna  below.    I  propose  to  call  it 
Rhynchanella  AUegania^  n.  sp.    Plate  I V,^  Figs.  1-8. 

This  is  a  large  rhynchonella,  peculiar  iu  this  section  to  the  coarse, 
ferruginous  sandstones  following  the  Chemung  and  found,  generally, 
not  far  below  the  Glean  conglomerate.    It  occurs  in  the  form  of  empty 

^The  term  ''rock  city''  is  applied  to  the  massive  conglomerates  as  they  appear 
capping  the  hilltops  in  several  places  iu  the  southern  counties  of  New  York.  In  Cat. 
taraagns  County,  six  miles  soath  of  Olean,  a  station  of  the  Clean,  Bradford  and 
Warren  Bailroad,  built  upon  one  of  these  ''rock  cities,"  has  received  the  name  of 
Rock  City 

'  (567) 
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impressiuos  iii  the  coarse  sand,  bat  presents  features  separating  it  from 
tile  osual  form  of  any  of  our  Devonian  rhynchonellas.  Of  the  New  York 
forms  it  approaches  more  nearly  R.  orbiculari»  or  some  varieties  of  R. 
Sappho.  It  appears  identical  in  8i)eciSc  details  with  specimens  I  have 
eeen  iu  collections  from  Ohio  marked  iJ.  Sageriana,  but  from  the  descrip- 
tion of  that  species  I  believe  it  to  be  quite  distinct.  Thecostib  are  more 
numerous  than  iu  the  typical  form  of  any  of  these  species,  from  10  to 
13  being  on  each  side  of  the  cent«r.  It  bears  a  close  resemblance  tosome 
Eifelian  varieties  of  R.  lalicosta,  and  t  he^^utta  percha  cast  of  the  exterior 
of  a  dorsal  valve,  represented  in  Plate  IV,  Fig.  3,  is  very  close  to/?,  prin- 
cepa  Barrande  (Fig.  12,  riate  CXX,  Syst.  Sil.  Bohfme).  But  after  con- 
siderable study  of  the  specimens  and  compaiisou  with  Devonian  rhyn- 
chonellas I  am  led  to  the  conclusion  that  it  is  scarely  more  than  a  vari- 
etal modification  of  the  rhynchonellas  from  the  ferruginous  sandstoaes 
of  Licking  County,  Ohio,  called  R.  Snppko,  rar.,  by  Prof.  James  Hall  and 
figured  in  Geol.  Surv.  N.  Y.,  Pal.,  Vol.  IV,  Part  I,  Pigs.  47-52.  Plate  55, 
p.  354. 

Iu  the  form  iu  which  it  is  here  n'presented  it  apiiears  quite  distinut, 
and  I  therefore  propose  the  name  Rhynchonella  Allegania.  The  charac- 
teristics of  this  form  are  its  large  size,  the  broad,  flat  sinus  and  fold  in- 
cluding five  to  seven  well  defined,  rounded  plications;  the  broad,  flat, 
tongue-like  platform  representing  a  depression  iu  the  shell  itself,  under 
the  beak  of  the  ventral  valve  (Plate  IV,  Fig.  8) ;  the  well  defined  serratioUB 
of  the  cardinal  teeth  seen  in  Fig,  1 ;  the  presence  of  a  strong  but  short 
median  septum  iu  the  dorsal  viilve  (Figs.  1  and  4),  with  an  elongated 
rounded  beak  of  the  ventral  valve,  perforated  near  the  extremify  (Fig-  ")■ 

The  specimens  have  been  found  iu  the  ferrugiuous  sandstones  under- 
Ijing  the  conglomerate  at  Glean  and  Little  Genesee,  iu  New  York,  and 
at  Bradford,  McKean  County,  Pa.  In  the  larger  forms  the  tongue 
shaped  platform  fur  muscular  attachments  in  the  beak  of  the  ventral 
valve  is  very  broad  and  flat,  giving  a  peculiar  appearance  to  the  casts, 
anlike  the  ordinary  rhynchonellas  of  the  Devonian. 

The  same  rhynchonella  occurs  just  below  the  Clean  conglomerate  at 
Bock  City'  (487  A^]  in  the  same  associations  and  in  a  ferruginous  sand- 
stone of  the  same  character.  On  the  way  np  the  hillside  to  Itock  City 
loose  slabs  were  met  with,  though  not  found  in  place,  presenting  the 
same  order  of  occurrence  ns  at  Clarksville. 

Along  the  zone  of  the  first  conglomerate  were  found  several  slabs  of 
the  same  character  of  rock  and  bearing  the  fossils  of  483  B*,  i.  e.,  Oram- 
myaia  sttbarcttata,  and  some  specimens  running  info  the  0.  communit 
type,  as  figured  by  Prof.  James  Hall,  and  Sphenotus  clavulus,  with  oue 
specimen  closely  approaching  the  form  called  Allorisma  Winckelli  of 
Meek.  In  these  gray,  shaly  sandstones  Spiri/era  dtsjuncta  appears;  also 
RAynekoneJUt  contracta. 

'See  nole,  p.  87. 
(5CS) 
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Flat  pebble  conglomerate  also  occurs  here  with  Spirifera  disjunctaj 
Rhyneh&nella  contracta^  with  traces' of  a  Bellerophouj  sp.,  and  a  bryozoan. 
In  this  fine  pebble  conglomerate^  fish  teeth  appear,  one  very  similar  to 
that  met  with  in  a  similar  conglomerate,  found  loose  in  the  bed  of  the 
creek  at  Bushford  =  a  IHpterus  tooth  ( THpterua  f  kevis  Newberry) ;  also 
conical  teeth  resembling  those  of  HoloptychiuB  ;  bat  only  the  casts  are 
preserved,  so  that  it  is  impossible  to  identify  them  with  certainty. 

This  section  confirms  the  order  of  these  upper  rocks  as  interpreted  at 
Glarksville.  After  the  regular  gray  green  shale  of  the  Chemung,  with  its 
brachiopod  fauna  (rich  in  Spirifera  disjuncta  and  often  containing  Bhyn^ 
chonella  contracia\  has  passed  its  meridian  and  is  nearly  terminated, 
a  flat  pebble  couglomerate  is  deposited  locally.  Sometimes  the  conglom- 
.  erate  contains  seams  of  large  flat  pebbles,  at  other  places  it  is  a  thin 
stratum  of  fine,  very  hard  pebbles,  often  containing  black  and  green- 
ish quartz,  all  highly  worn  and  bearing  fish  teeth,  together  with  Spirifera 
digjuncUij  or,  where  the  conglomerate  is  several  feet  in  thickness,  it  is 
terminated  by  a  coarse  sandy  deposit,  with  the  unique  fauna  of  PaloBana- 
Una  typa  and  Mytilarca  Chemungensis  and  Modiola  prcecedens,  with  Or- 
thoceraa  and  the  peculiar  coiled  stems  which  Professor  Kewberry  has 
referred  to  the  genus  Bpiraxis.    (See  note,  p.  86.) 

Above  this  conglomerate  it  is  rare  to  find  any  Chemung  fossils,  but 
they  do  not  entirely  cease  till  the  second  conglomerate  of  484,  Genesee 
<<  rock  city,"  the  Olean  conglomerate.  Between  the  two  conglomerates 
are  red  and  green,  argillaceous  shales  (the  former  sometimes  bearing 
Chemung  fossils),  with  fiaggy,  micaceous,  green  shales  and  sandstones. 
The  intervals  between  these  two  conglomerates  may  average  about 
three  hundred  feet,  but  the  first  conglomerate  varies  considerably  in 
thickness  and  probably  varies  in  the  precise  position  it  occupies  in  the 
series,  since  it  probably  represents  a  shore  line  "which  must  have  occu- 
pied consecutively  a  higher  and  higher  position  as  the  slow  elevation 
brought  it  farther  seaward  from  its  earliest  position. 

BoIiFar,  Allegany  Connty,  N.  Y.-~48S. 

The  rocks  about  Bolivar  were  examined,  and,  although  no  extended 
exposures  were  met  with,  all  the  evidence  obtained  confirmed  the  order 
of  the  series  as  already  given.  Bolivar  is  about  four  miles  east  and  per* 
haps  two  miles  north  of  station  484,  at  the  "rock  city,"  Little  Genesee. 
The  region  for  a  radius  of  a  mile  or  more  is  perforated  by  oil  wells, 
and  although,  as  above  said,  no  good  rock  exposures  were  seen,  there 
are  along  the  steep  hillsides  slabs  and  broken  pieces  of  rock  which, 
firom  their  very  order  alone,  show  that  they  are  not  far  from  their  source. 
I  collected  the  surface  rock  at  various  elevations 'on  the  hillside  in  the 
northern  part  of  the  town,  on  the  ^'  oil  farm  "  of  Vamey  &  Co.,  and,  upon 
examining  the  material,  I  afterwards  found  it  arranged  in  the  same 
order  as  in  other  sections  in  the  county.  The  elevations  must  be  re- 
garded as  only  approximate,  but  for  general  purposes  they  are  valuable. 

(5G9) 
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Supposing  tbe  railroad  etutiou  lo  In-  ],(iCO  feet  in  oli-^titioii,  we  tin<i 
tlie  grecuiuli  gray  fitiales  of  tlie  Cbeuiuug  with  Home  gray  suDiUtone, 
containing  Spiri/era  disjitncta,  Rhynckonella  contractu,  niid  Splwnotug 
elavuIvK.  up  to  1,S00  feet  elevatiou.  The  Hat  pebble  vonglomerate  occurs 
on  tiie  Hurface  from  tbis  level  upward  for  fifty  feet,  auil  in  this  conglom- 
erate we  still  find  Spiri/em  dinjunvta. 

Above  an  elevation  of  1,800  ft-et  tbe  coarser  gray  sandstones  are 
more  conspicuous,  with* red  shales  and  mottled  arenaceous  shales;  to- 
ward the  top,  or  above  an  elevation  of  2,000  feet,  coarse,  tuicaceona 
and  fermgiuoiiH  sandstones  are  the  prevailing  surface  rocks.  From 
8uch  a  series  of  specimens  we  recognize  the  general  position  of  tbe 
sectiou.  Jt  is  substantially  the  same  as  that  seen  on  tbe  bill  separating 
Clarksville  from  tbe  valley  of  Wolf  Creek  (see  section  483  C),  but  as  a 
vhole  lies  a  hundred  feet  lower  down.  Tbe  position  oi  tbe  Hat  pebble 
conglomerate  is  between  1,800  and  l,S75feetin  elevation,  and  at  Clarks- 
ville it  is  near  1,950  feet. 

I  obtained  from  Mr.  W.  T.  Reed,  the  obliging  superintendent  of  the 
Varney  &  Co.  wells,  the  measurements  from  the  mouth  t«  the  top  and  bot- 
tom of  what  are  called  by  the  oil  mtn  the  "  third  sand,"  in  this  oil  field 
being  known  as  the"  Richburg  sands."  A8usital,thefirstoil  sand  is  here 
regarded  as  lying  about  three  hundred  feet  above  the  oil  bearing  third 
Band,  although  in  drilling  the  place  of  tbe  second  waa  not  clearly  distin- 
guished. Records  of  nine  wells  were  given,  tbe  thickness  of  the  third 
Band  varying  from  thirteen  to  forty -seven  feet.  Taking  the  records  as 
thcv  lire,  nii'ftsuiiTrK  fioiii  the  month  dowtiwiird,  the  top  of  the  third 
sand  does  not  vary  over  a  hundred  feet  for  the  nine  wells  of  which  a 
record  was  made;  but  the  average  altitude  of  tbe  top  of  the  Richburg 
sand,  for  this  lot  of  wells,  according  to  aneroid  measurements  and  esti- 
mates, is  300  feet  above  the  sea,  or  something  over  a  thoaaand  feet 
below  the  flat  pebble  couglomerate  of  the  Upper  Chon^ung, 

The  nature  of  the  "  oil  sandstone  "  from  well  "So.  1 1 ,  at  the  level  men- 
tioned above,  after  shooting  the  well,  is  like  the  gray  sandstones  of  the 
surface  twenty  or  thirty  miles  farther  north.  It  is  calcareous  and  con- 
tains a  few  black  graius  as  well  as  grains  of  mica.  iNo  tracfes  of  fossils 
were  seen  in  it.  It  is  probable  that  this  sandstone  is  represented  at  the 
snrface  farther  north  by  the  Portage  sandstones  at  Portageville,  482. 

PortTille,  Cillu-mgii^  Connty,  N.  T.— (86. 

This  station  is  between  Little  Genesee  and  Rock  City,  Cattarangns 
County ;  and  the  "  rock  city  "  of  Portville  is  directly  west  ot  Little  Gen- 
esee "rock  city,"  and  between  four  and  five  miles  distant.  The  top  of 
the  conglomerate  (480  A)  is  at  an  altitude  of  approximately  1,860  feet, 
as  determined  by  aneroid. 

The  fossils  fonnd  at  its  top  and  tbe  relations  of  the  rock  to  those  below 
and  above  leave  no  donbt  of  its  indentity  with  the  Wolf  Creek  con- 

tlomerate  (483  C)  four  miles  to  the  north.    We  are  able  to  trace  the  same 
k  (570) 
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zone  in  the  side  hill  below  the  Littbe  Oenesee  <'  rock  city"  and  at  Bolivar 
at  approximately  the  same  elevation. 

The  conglomerate  is  a  massive,  unevenly  bedded,  coarse,  yellow  sand- 
stone, with  a  few  pebbles  scattered  irregularly  through  the  mass  and 
some  beds  or  layers  of  pebbles  cemented  by  sand.  At  the  top  is  a  fos- 
siliferous  layer  containing  numerous  fossils,  the  most  abundant  being 
Palceatiatina  typa^  with  several  species  of  mytiloid  shells.  The  pebbles 
are  of  the  lentiform  shape  so  characteristic  of  these  lower  conglomer- 
ates, and  jasi)er  pebbles  are  found  among  them,  as  in  the  other  flat 
pebble  conglomerates. 

Above  the  conglomerate  are  dark,  thinly  and  evenly  bedded,  mica- 
ceous shales,  and  within  the  next  hundred  feet  are  red,  argillaceous  shales 
and  the  greenish  gray^  micaceous  shales  characteristic  of  the  deposits 
between  the  two  conglomerates. 

The  species  identified  in  this  fauna,  486  A,  are  — 
PaUeanatina  typa. 
Modiola  prcecedens. 
Myiilarcaf  sp. 

Rhynchonella  contracia^  the  ordinary  type  and  a  small  variety. 
Leptodeama  f  sp.,  a  form  near  the  L.  lioha>Sy  Hall. 
Orthoceraaf  sp.,  apparently  identical  with  the  species  from  the  Wolf 
Greek  conglomerate,  483  G. 

^N'o  Chemung  fossils  were  detected  above  the  conglomerate. 

Great  Talley,  Cattarangns  County,  N.  I.— 4!)0. 

The  flat  pebble  conglomerate  forms  a ''  rock  city  "  about  six  miles  south 
of  EUicottsville,  on  the  ridge  separating  Little  Valley  and  Great  Valley. 

The  first  trace  of  fossils  in  loose  slabs  under  the  conglomerate  is  of 
the  same  fauna  which  runs  up  to  the  conglomerate  at  Wolf  Greek, 
Allegany  Gounty,  and  other  places  in  the  same  region.  But  in  Great 
Valley  I  found  no  fossiliferous  ledges  in  place.  The  elevation  of  the  top 
of  this  conglomerate  has  already  been  carefully  determined  by  Messrs. 
Chance  and  Hall,  and  is  2,190  feet  above  sea  level  and  thirty-five  feet 
thick.  (See  Report  JIII,  Second  Geological  Survey  Pennsylvania,  J.  F. 
Carll,  p.  203.) 

The  rocks  are  the  ordinary  flat  pebble  conglomerate,  with  some  ferru- 
ginous streaks,  while  the  main  mass  of  the  rocks  is  a  coarse,  yellowish 
sandstone.  The  sands  are  obliquely  bedded  and  the  direction  of  this 
beach  lamination  is  reversed  several  times  during  the  formation  of  the 
deposit. 

The  characteristic  jasper  pebbles  are  also  found;  but  no  fossils  were 
found  in  any  part  of  the  conglomerate. 

In  all  the  elements  of  composition,  structure,  and  (5blor,  this  corre- 
sponds with  the  conglomerates  of  Wolf  Creek,  Portville,  and  places 
in  Allegany  County. 
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From  Oleau  upw^iil  tollieKotilcGity'  coaglumeralo,  »ix  miles  soath  of 
the  city,  the  Upper  Chemung  rocks  are  exposed  in  oumerous  places, 
olearly  exhibiting  the  {general  seqneuce  of  faunas  and  stratij^aphical 
characters. 

■  Olesn,  at  the  ISaffalo,  New  York  aud  Philadelphia  Railroad  depot,  i» 
reported  as  J,435  feet  in  elevation  ;  1,430  feet  is  0.  A.  Ashbumer's  cor- 
rected altitude. 

The  first  exposures  in  the  hillsides  are  of  Chemang  rocks,  containing 
the  ^f/t^Ws.in^e/(ca  fauna,  and  for  fully  two  hundred  feet,  extending 
lo  1,700  feet  in  altitude,  the  characteristics  of  the  Upper  Chemung  are 
conspicuous.  Although  thin  sheets  of  red,  argillaceous  shale  are  mnt 
■with  in  the  midst  of  the  ordinary  greenish  gray,  fossil  hearing  Chemung 
shales,  they  become  moro  conspicuous,  in  thicker  masses  and  ast^ociated 
with  coarser,  micaceous,  flaggy,  and  barren  shales,  as  we  ascend  above 
the  fossiliferous  parts.  The  highest  exposure  of  a  characteristic  Che. 
Dungfauna  was  found  in  gray,  arenaceous  shales  two  hundred  and  thirty 
feet  below  the  first  Gandstone  and  about  four  hundred  and  thirty  feet 
below  the  base  of  the  Olean  conglomerate.  A  considerable  bed  of  red 
Bhales  occurs  half  way  between  the  first  sand  and  this  top  of  the  Ghe- 
mnng  fauna. 

The  first  sandstone,  as  determined  by  examination  ia  several  places, 
Is  not  nniform,  but  lies  between  two  hundred  and  two  hundred  and  fifty 
feet  below  the  base  of  tlie  confrloiiLcnite.  This  is  evidently  the  sand- 
stone which  the  oil  well  drillers  on  top  of  Bock  City  speak  of  as  occar- 
ring  about  three  hundred  and  fifty  feet  from  the  top  of  wells  startetl 
above  the  conglomerate.  The  rock  as  found  in  i)l;ices  is  of  variable 
character.  Below  Bock  City  on  the  west  (487  A°  and  487  A^)  it  appears 
in  a  few  courses,  none  of  which  exceeds  eighteen  or  twenty-four  inches,  of 
tough,  yellowish,  fine  grained  sandstone ;  some  parts  of  these  are  marked 
by  the  borings  of  some  worm  similar  to  the  Fuvoides  verticalia  in  the 
Portage  sandstones  below,  but  not  more  than  a  quarter  as  large,  and 
occarring  i  n  great  du  mbers,  so  tbat  exposed  and  weathered  slabs  show 
as  many  as  fifty  of  the  small  pittings,  due  to  the  deeper  weathering  of 
their  exposed  ends,  in  the  space  of  a  square  inch.  The  lower  layers  of 
the  sand  are  generally  a  little  coarser  and  looser  grain,  more  or  less 
brown  iron-stained.  Above  and  below,  red,  argillaceous  shales  occur 
with  the  ordinary  greenish  shales,  but  at  this  exposure  no  conglomer- 
ate or  pebbles  were  detected.  Around  ou  the  north  side,  at  the  Cook 
fiuarry,  the  same  zone  is  recognized,  and  at  very  nearly  the  same  eleva- 
tion, as  determined  by  aneroid  barometer.  This  is  4S7  C,  the  details  of 
which  will  be  given  more  fully  beyond  {p.  97).  The  particular  sandstone 
in  Question  is  trader  a  mass  of  red  and  green,  argillaceous  shales  several 
feet  thick;  it  is  irregularly  bedded,  wedging  rapidly  in  some  layers  from  a 
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thin  streak  half  an  iucb  thick  to  a  bed  two  feet  or  so  thick  and  massive. 
Associated  with  it  are  beds  of  flat  and  small  pebbles,  beds  containing 
fragments  of  plants  in  abundance,  and  in  the  apt)er  layers  are  the  fine 
vertical  borings  seen  in  487  A®  and.also  in  the  corresponding  sandstones 
of  Bradford,  McKean  CQunty,  Pa.  The  lower  layers  are  of  the  more 
massive,  fine  grained,  yellowish  brown  sandstone.  The  quarry,  how> 
ever,  is  principally  worked  for  the  excellent  thin  bedded,  bine  gray,  mi- 
caceous flagstones  lying  below  these  yellow  sandstones. 

Above  this  zone  of  sandstone  and  conglomerate  the  rocks  are  green 
and  red,  coarse,  mealy,  micaceous  shales  and  flags,  and  soft,  argilla- 
ceous shales,  until  near  the  base  of  the  conglomerate,  where  we  meet  the 
ferruginous  sandstone  containing  the  large  RhynchaneUa  Allegania  and 
the  Spirifera  disjuncta  so  characteristic  of  this  zone. 

Study  of  these  sections  and  close  comparison  of  the  specimens  from 
the  various  localities  lead  me  to  the  opinion  that  serially  there  is  a  uni- 
formity in  the  deposits  for  all  of  this  region  in  Allegany  and  Catta- 
raugus Counties,  however  the  ininute  details  of  the  local  sections  may 
differ. 

The  characters  marking  the  close  of  the  Upiicr  Chemung  epoch  are 
as  follows :  Dex)osits  of  thin  bedded,  alternating,  argillaceous  and  arena- 
ceous, bluish  to  greenish  brown,  fine  grained  shales  containing  the  last 
Chemung  fauna,  with  its  characteristic  variety  of  Spirt/era  disjuncta^ 
with  area  high  and  overarching  and  not  prolonged  at  the  cardinal  ex- 
tremities, At^ymAn^eZica  appearing  in  the  softer,  argilla-ceous  deposits 
and  RhynchaneUa  contracta. 

As  these  conditions  passed  away  the  red  shales  gradually  came  in. 
These  first  occur  as  thin  layers,  appearing  occasionally  in  the  midst  of 
the  other  rocks  of  soft,  red  shale ;  occasionally  they  contain  one  or  two 
of  the  regular  Chemung  fossils.  As  we  ascend,  the  red  shales  are  ac- 
companied by  traces  of  the  green,  micaceous  beds;  but  when  the  mica 
shales  appear  the  fossils  are  very  rare  or  wanting.  When  the  pre- 
vailing character  of  the  rocks  is  evenly  laminated,  loose  textured,  coarse 
grained,  and  micaceous,  we  look  in  vain  for  fossils. 

At  this  stage  in  the  sequence  we  look  for  the  first  sandy  conglomerate. 
From  examination  of  several  sections  in  different  places  I  am  convinced 
that  for  these  Southern  New  York  outcrops,  the  first  flat  pebble  con- 
glomerate— carrying  often  jasper  pebbles  (with  some  variation  in  the 
thickness  of  the  red  shales  above  the  last  Chemung  fauna  and  some  dif- 
ference in  the  extent  to  which  Chemung  species  run  up  in  the  red  bear- 
ing rocks)-— occurs  stratigraphically  at  this  place  in  the  series.  It  is  not 
always  a  pebble  conglomerate,  but  when  only  a  gritty  sandstone  it  gen- 
erally contains  a  few  scattered  pebbles,  and  though  Chemifbg  fossils  may 
not  have  entirely  ceased  at  its  arrival  it  is  very  rare  in  this  region  to 
find  any  of  the  characteristic  species  above  it. 

Above  the  flat  pebble  conglomerates,  the  red  and  green,  argilla- 
oeoos  shales  and  the  gray,  micaceous,  and  flaggy  slia\^a\>Te^^\\.\v.^\.<^  \3w^ 
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Oleau  conglomerate.  In  tliis  interval  aro  st'cu  tlie  coarse  rocks  wUicli 
resemble  the  Oatskill  ilei)o»tts  of  tUo  ea^toru  part  of  the  State  and  con- 
tain ITo/ojJtjro/iiiw  and 'other  fish  remains.  Just  below  the  Oleau  cou- 
glomerate there  ia  a  feirugtuoiissandstoue,  as  at  Little  Oenesee,  holding 
the  same  fauita,  containing  among  other  Bpeciea  the  Spiri/era  disjuncta. 

The  Olean  conglomerate  is  divided  into  two  parta  by  a  thin  stratani 
of  black  shale,  which  doubtless  represents  the  Eone  of  the  Marshbnrg 
uppiT  coal  or  Sharon  group  of  Mr.  C.  A.  Ashburner  (seo  Eeporfc  of  tht' 
Second  Geo).  Surv.  Peno.,  R.);  above  this  the  conglomvnite  ia  less 
pebbly,  the  sandstone  whiter  and  finer.  This  npper  iK>rUon  of  the  "rock 
eity"  seotioQ  I  regard  as  rcpresentipg  Kinzua  Creek  saudatotie  of  the 
above  mentioned  reimrt. 

The  records  of  oil  wells  drilled  from  the  top  of  the  Olean  (Boek  Citj) 
oougloinerate  agree  in  their  general  features  with  the  facts  developed 
by  stndy  of  the  outcrops  along  the  hillsides.  The  drillers  report  abont 
eighty  feet,  at  the  thickest  [roint,  for  the  conglomerate,  inelndiug  both 
members.  At  u  depth  of  350  feet  they  report  the  first  strong  sand 
seam  of  two  screws'  thickness;  below  this,  "red  streaks,"  but  uo  thick 
red  beds;  at  a  depth  of  l.^ilO  feet  is  another  sand  of  varying  thickuess, 
below  which  no  red  shales  are  found.  Oil  is  struck  in  a  sand  at  a  depth 
of  1,860  to  1,SC5  feet. 

Taking  2,340  feet  as  the  altitude  of  the  bottom  of  tlie  conglomerate 
(see  Report  Second  Oeol.  Surv.  Ponn.,  K),  the  top  woidd  be  at  2,420  feet 
in  altitude,  and  the  first  sandstone  at  2,070  feet.  The  outcrop  of  this 
sandstone,  as  recognized  on  the  hillside,  was  not  so  thick  as  the  drillers 
reported. 

At  several  places  at  about  250  feet,  aneroid  measurement,  below  the 
base  of  the  conglomerate  a  massive  sandstone  was  seen,  varying  greatly 
in  thickness  (see  487  A  and  487  C) .  It  is  composed  of  a  yellowish  sand 
similar  to  that  associated  with  the  flat  pebble  conglomerates,  with 
pebbles  in  some  specimens.  Along  the  hillside  below  this  horizon  were 
frequently  seen  large  blocks  of  thick,  massive  sandstone  of  the  same 
character,  carrying  traces  of  the  same  fauna  met  with  in  the  flat  pebble 
conglomerates  farther  north  and  east.  These  large  blocks  have  been 
extensively  used  in  and  about  Olean  for  building  stone,  and,  although 
they  are  of  an  entirely  different  charac  ter  from  the  Olean  conglomerate, 
the  actual  ledge  from  which  they  came  is  not  known,  even  by  the  most 
experienced  quarrymcn  of  the  neighborhood.  From  stnily  of  the  region 
I  concluded  that  they  were  probably  represented  by  the  thin  sandstone 
called  C^  and  C*  in  the  Milo  Cook  quarry.  The  blocks  were  foniid  in 
several  places  nearly  as  high  as  this  qnarry  and  scattered  on  the  hillside 
at  all  altitudes  below,  but  I  did  not  find  one  above.  The  wedge  Bhiq>ed 
beds  of  sandstone  in  that  quarry  explain  the  probable  nature  of  the 
deposit  throughout.  It  was  doubtless  thick  and  thin,  as  coarse  sand 
might  be  expected  to  be  deposited  near  a  shore,  with  soft  shale  part- 
/a0-^  wbicb  broke  up  the  massive  character  wherever  they  were  ftfr 
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qaeDt  or  iu  thick  layers.  The  more  massive  beds,  when  two  or  three 
feet  thick,  stood  oat  daring  the  general  disintegration  of  the  hillside, 
and  breaking  off  finally  rolled  down  the  hill,  but  the  massive  portions 
were  not  continaons  or  uniform  for  any  distance,  and  no  regular  ledge 
of  the  rock  is  detected  along  the  slope  of  the  hill.  Seen  along  the  hill- 
sides at  about  the  same  horizon  and  loose  below  and  reported  at  ap- 
proximately the  same  position  in  the  series  by  the  well  drillers,  and  by 
them  found  to  be  the  only  sand  worth  mentioning  until  passing  below 
the  red  shales,  these  yellow  sandstones  show  traces  of  both  the  flat 
pebbles  and  the  fauna  of  the  genuine  flat  pebble  conglomerate,  and 
they  are  the  only  rocks  between  the  typical  Chemung  faunas  and  the 
Oleau  conglomerate  which  bear  any  resemblance  to  that  zone. 

I  conclude  therefore  that,  for  the  Glean  section,  these  yellow  sand- 
stones are  the  representatives  of  the  Wolf  Creek,  the  Portville,  and  simi- 
lar conglomerates  farther  north,  east,  and  west,  although  they  lie  ap- 
parently higher  stratigraphically  in  relation  to  Chemung  marine  faunas 
and  in  a  more  pronounced  setting  of  red  shales  and  green,  micaceous 
shales  than  do  any  of  the  flat  pebble  conglomerates  farther  north  and 
west. 

This  interpretation  is  further  supported  by  comparison  with  the  sec- 
tions farther  south  and  east,  where  the  red  and  green  shales  and  the 
coa  rser,  micaceous  deposits  become  more  and  more  frequent  and  of 
greater  thickness  previous  to  the  deposit  of  the  great  conglomerate, 
and  as  we  go  off  in  the  southeastern  direction  the  flat  pebble  conglom- 
erate appears  to  lose  its  identity  in  the  general  increase  of  coarser  de- 
posits all  through  this  part  of  the  series. 

Section  487  B. 

Along  the  railroad,  ascending  the  hillside  from  Olean  toward  Rock 
City,  the  rocks  for  the  first  hundred  feet  are  gray,  arenaceous  shales  and 
shaly  sandstone,  with  some  layers  of  softer,  greenish,  argillaceous  shale, 
such  as  is  common  in  the  Chem  ung  group.  Rising  above  this,  traces  of 
the  red  shales  appear.  The  lowest  clearly  marked  red  shale  was  seen 
at  about  1,650  feet  elevation,  or  something  over  two  hundred  feet  above 
the  valley, in  the  midst  of  ordinary  shales  with  Chemung  fauna.  This 
is  at  an  elevation  but  a  few  feet  lower  and  in  the  same  lithological 
associations  as  the  first  clearly  defined  red  band  of  the  section  south  of 
Cuba,  477  E. 

The  Chemung  fauna,  however,  is  not  recognized  much  above  this  red 
shale ;  the  species  are  very  rare,  and  the  fauna  was  rapidly  disappear- 
ing when  this  six  inch  stratum  of  red  shale  was  deposited.  This  Upper 
Chemung  fauna  is  clearly  marked  by  the  prevailing  presence  of  Athyris 
Angelica^  the  smaller  variety  of  Rhynchonelld  contracta^  and  Productella 
of  the  type  of  P.  hyatricula.  The  Spirt/era  di»juncta  is  here  the  variety 
ynth  lugh^  overarching  beak  and  narrow  form, 
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The  tbsHil  bearing,  arenaceous  Hbale.s  are  frequently  stroQRly  calcarc- 

ona,  and  upon  weatlieriug,  by  soluttou  of  the  foasikaod  the  calcite,  tliey 

become  cavernooa  and  often  are  stained  browu  by  iron. 
The  fauna,  as  well  as  the  general  character  of  the  rockg,  ithows  thi« 

aerie»  to  belong  to  the  same  general  zone  as  that  represented  iu  tbu 

sections  south  of  Culia,  partieularly  'liTE.     The  fauna  is  that  which 

followed  the  Cnlia  sandstone,  477  A, 
Fauna  of  487  B,  H,  &c.: 

Shynchonella  contracta  ;  the  large  form  is  rare. 

Shynchonella  contracta,  var.  stixatili».  This  small  fur ui  i.^  the  eommon 
one,  and  some  varieties  approach  the  form  called  K.  duplicata  Hall. 

^thi/ris  Angelica,  with  some  small  varieties  approaching  A.  (mm  and  A. 
polita. 

Spirifera  (liitjuacta.  The  prevailing  form  is  that  of  the  short,  high, 
beaked  type,  of  small  size,  figured  iu  Gcol.  Surv.  N.  Y.,  Pal., 
Vol.  IV,  Pt.  I,  pi.  42,  figs.  1,  2. 

Productella  hystricv.la.  The  larger  specimens  approach  more  uearly  the 
typical  form  of  P.  spinulicosta  (or  P.  Shumardiana)  and  P.  hirsuta 
and  P.  oHusta;  but  the  large  majoritj'  of  specimens  are  small,  the 
ventral  valve  alone  greatly  resembling  that  valve  of  P.  dUsimiliii 
Hall-of  the  Iowa  Devonian  and  the  Lower  Chemung  beds  of  If  ew 
York. 

Ceriopora,  sp.  The  hollow  casts  left  by  solution  of  the  substance  of  the 
organism  are  fitirjueut,  but  iu  such  a  condition  as  to  forbid  cer- 
tain specific  ideatiflcation. 

Sanguinolites  ctavulus,  several  specimens,  { =  Sphenotus  clavulut  Hall, 
1885). 

Sanguinoliles  rigidus,  or  varieties  of  the  other  form. 

Leptodeamapotena  and  varieties  in  the  direction  of  the  forms  L.  Mortoni 
and  L.  Maclurii. 

Mytilarea  Chemungensis,  a  single  specimen. 

Fragments  of  fish  bone. 

Plant  fragments. 

Fragments  of  crinoid  stems. 

A  small,  low  coiled  gasteropod,  too  imperfect  to  identify. 

A  fragment,  probably  of  &fti^orfi«  rhombeus,  but  not  distinct. 
In  the  greenish  shales  at  the  foot  of  section  487  A  (the  stratum  A") 

the  fauna  is  apparently  the  upper  part  of  this  same  zone,  the  one  seen  at 

Clarksville  and  Portville  just  below  the  flat  pebble  conglomerate.     This 

is  made  up  almost  entirely  of  Spirt/era  disjuncta,  with  a  few  Rhynchonella 

contracta,  normal  size,  and  a  few  Ckonetes  scitula  of  the  later  type. 

This  part  of  the  fauna  was  not  reached  in  section  B.    In  these  upper  fos- 

siliferous  strata  the  absence  of  certain  species  is  worthy  of  mention: 

Streptorhynchus  Chemungensis  and  Ortkis  Tioga  and  the  Orfhis  of  the 

first  red  beds  above  the  Cuba  sandstone  are  none  of  them  present  in 

idaw  Oleau  aba.\es. 
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The  arenaceous  character  of  the  strata  has  become  prominent,  and 
from  this  point  upward  the  argillaceous  shales  are  generally  red  or  red 
alternating  with  a  bright  green  and  contain  no  marine  fauna. 

Cook  (luarry,  sonth  of  Olean.— 487  C. 

This  quarry  exhibits  some  points  of  interest.  The  base  of  the  quarry 
is  somewhat  over  200  feet  below  the  base  of  the  conglomerate  at  Rock 
City.*  It  includes  the  same  zone  recorded  as  A*  and  A**  in  the  section 
going  down  the  slope  westward  from  Bock  City.  It  is  also  the  same 
zone  in  which  occur  the  last  (on  ascending)  blocks  of  the  fine  yellow 
sandstone  extensively  used  for  building  at  Olean. 

Mr.  Milo  Cook,  the  owner  of  the  quarry,  told  me  that  he  had  searched 
in  vain  for  the  outcrop  of  this  thick  bedded  sandstone.  His  quarry 
contains  a  few  thin  seams  of  like  sandstone,  but  the  main  quarrystone 
is  flagging  of  very  fine  quality,  separated  by  thin  layers  of  mica  and 
cleaving  into  large,  even  flagging  stone.  The  quarry  exposes  50  feet  of 
strata  for  minute  examination. 

The  top  of  the  cliff  is  covered  with  earth,  lying  upon  — 
C.  Three  to  four  feet  of  red,  argillaceous  shale,  soft  and  compact. 
C.  Two  to  three  feet  light  green,  argillaceous  shale,  grading  above  grad- 
ually into  the  red. 


C^] 

c4 


Ten  feet,  unevenly  bedded. 

C*J 

C^  Heavy  bedded,  gray  sandstone,  with  some  mica,  but  working  pretty 
free;  in  the  thickest  part  are  courses  of  over  a  foot  thick,  from 
two  feet  running  out  to  ten  or  even  six  inches. 

C^  Thin  stratum  of  fine  grained,  argillaceous  shale,  light  green,  simi- 
lar to  the  lower  part  of  C 

C*.  Coarse  sand,  yellowish  color,  filled  with  fragments  of  fossil  wood 
and  plant  stems  of  Ptilophyton  and  Rhodea^  &c.,  containing  peb- 
bles in  streaks,  flat,  and  one  of  them  an  inch  in  diameter.*  This 
mass  is  very  unev^enly  bedded  and  is  broken  up  occasionally  by 
thin  sheets  of  the  fine  green  shale. 

C®.  Coarse  to  fine  sandstone,  in  some  parts  nearly  white,  very  hard^ 
silicious  sand,  the  upper  layers  perforated  by  fine  vertical  bor- 
ings filled  by  the  fine  green  clay  shale ;  surface  when  weathered 
pitted  by  the  open  mouths  of  the  perforations ;  ripple  marked 
in  some  places,  with  flat  pebbles  and  a  few  plant  fragments,  as 
in  C*.  This  mass  is  very  uneven ;  in  this  one  quarry  it  thins  out 
from  four  feet  to  less  than  an  inch  in  thickness.  At  this  thin 
edge  it  \ies  between  sandy  shales,  with  plant  fragments  and  soft, 
green,  mud  shale,  is  folded  into  regular  undulations  or  furrows 

1  This  Rock  City  is  a  station  on  the  Olean,  Bradford  and  Warren  Railroad,  six  miles 
south  of  Olean. 

Bull.  41 7 
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about  ail  iocU  ami  a  half  apart,  tlio  effect  of  ripplu  action,  urnl 
is  completely  peiforateit  by  the  small  vertical  Iwriugs  above  it- 
ferred  to.    Tbis  is  terminated  below  by  a  few  inches  of  green 
argillaceous  shale. 
C.  Thirty-flve  feot  dark  bliiisli  gray,  evenly  bedded,  micaceous  aaiid- 
stone,  very  flaggy,  cleaving  into  bro»d  ebeets,  from  one-half  inch 
to  six  inches  thick,  thepartingit  glistening  witlimioa.    About  lialf 
way  down  (sixteen  feet  from  top)  is  a  thin  parting  of  soft,  red 
ftbale. 
O*.  Below  the  bottom  of  the  quarry,  at  least  ten  feet,  rock  of  the  same 
character  as  C,  but  coarser  and  unevenly  bedded,  eliowing  cur- 
rent action,  with  oblique   bedding,  tbe  direction  of  obliquity 
ebanging  several  times  in  course  of  the  deposition  of  five  feet. 
The  break  between  C  and  tbe  sandstones  above  is  very  marked.     The 
'flands  above  are  of  light  color,  yellowish  and  brown  gray,  with  traces 
.of  iron  stain.     Flat  pebbles  are  frequent,  though  not  here  foand  in  any 
large  quantity.     Although  grains  of  mica  are  seen,  they  are  merely  pep- 
,pen>d  through  the  mass  of  the  sand  and  not  spread  out  in  even  sbeeta. 
Tbe  lower  aaudstones  are  dark  bluisb  gray,  wilU  thin,  Saggy  bedding, 
*o  browning  or  iron  stain-s,  dejjosited  in  very  smooth,  thiu  sheets  witli 
partings  of  miua  grains,  making  excellent  flagging.    The  better  part  of 
the  sandstones  C^  and  C°,  especially  the  latter,  are  similar  and  equal  in 
iqnality  to  the  blocks  obtained  abundantly  in  tbe  valleys  and  Q[)oa  the 
hillside  south  of  Oleaii. 

The  same  characters  aud  order  of  sequence  were  seen  in  tbe  section  on 
the  hillside  westward  below  Rock  City.  IJelow  a  red,  argillaceous  shale, 
A%  came  the  thick  courses  of  A^,  with  the  same  fine  vertical  borings  at 
the  top.  The  sandstone  is  of  the  same  color  and  tcstnre  as  C^,and  be- 
low this  for  fifty  feet,  more  or  less,'  the  prevailing  rock  is  the  mealy, 
micaceous  flagstone  represented  by  C.  The  elevation  is  approximately 
identical  as  determined  by  aneroid. 

Comparing  the  lithological  characters  with  those  of  the  flat  pebble 
conglomeratesfarthereastat  Portville,  utClarksville,  (Wolf  Creek),  and 
at  Little  Genesee,  also  with  that  farther  west  and  north,  the  "rock  city" 
of  Salamanca,  there  is  little  to  distinguish  tlieui.  Looked  at  strati  graph, 
ically,  this  is  full  a  hundred  feet  above  the  Wolf  Creek  and  equivalent 
flat  pebble  conglomerates;  but,  when  we  examine  the  sequence  of  the 
faunas,  this  is  the  first  genuine  conglomerate,  terminating  the  Chemung 
ftiuna  and  separating  it  from  tbe  typical  red  and  gray  shales  of  tbe  Cats- 
kill  conditions.  On  passing  southward  along  this  meridian  we  find  the 
reds,  in  relation  to  the  composition  of  the  embedded  faunas,  taking  a 
lower  and  lower  place  in  the  series,  and  they  become  more  frequent  and 
thicker;  also  tbe  gray  and  green,  micaceous  flag.s,  presenting  a  coarse  and 
mealy  ajipearance  from  the  Urger  size  of  mica  and  sand  grains,  are  more 
frequent  and  more  fully  take  the  place  of  the  tt  nor  green  and  brown 
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Chemung  shales  the  farther  south  we  go.  We  also^raeet  more  frequently 
single  pebbles  in  the  ordinary  fossiliferous  shales  going  the  same  direc- 
tion. All  these  facta  pqint  to  an  approach  to  the  shore  line  and  shal- 
lower water.  Associated  with  this  change  we  should  expect  thicker 
deposition  for  each  of  the  strata,  and  hence  the  upper  strata  should  not 
exhibit  so  great  a  dip  southward  as  the  lower.  Thus,  in  attempting  to 
solve  the  problems  of  equivalency  between  the  New  York  sections  of 
these  rocks  and  those  farther  south  in  McKean  County,  Pennsylvania, 
I  trust  to  this  line  of  interpretation,  based  upon  the  following  funda- 
mental proposition,  which  I  believe  to  be  substantially  sound :  That, 
for  deposits  within  a  single  geographical  area  presenting  varying 
conditions  in  the  nature  of  the  deposits  and  in  the  fossils,  a  more  reli- 
able guide  for  determining  equivalency  will  be  found  in  the  continuity 
of  a  well  marked  fauna  with  persistence  of  slight  varietal  characters, 
than  in  any  uniformity,  either  in  the  nature  of  the  sediments,  or  in  their 
thickness,  or  in  their  order  of  sequence,  except  for  very  short  distances 
of  separation.  And,  in  general,  the  coarser  the  ingredients  composing 
them,  the  more  restricted  geographically  will  be  found  the  specific 
characters  of  a  continuous  deposit. 

A  mile  or  so  beyond  Eock  City  the  upper  member  of  the  conglomer- 
ate 487  F  appears.  There  are  twenty  or  thirty  feet  of  this  sandstone 
here  exposed,  which  I  regard  as  the  representative  of  the  Kinzua  Creek 
sandstone  of  the  Report  of  the  Second  Geol.  Surv.  Pen  n.,  K.  It  is  here  a 
coarse  sandstone,  with  few  or  no  pebbles;  in  the  upi)er  layers,  particu- 
larly, it  is  purer  white  than  the  Oleau  conglomerate  be  low.  At  its  base  I 
detected  streaks  of  ferruginous  shale  and  sandy  shale,  aiid  at  a  point 
somewhat  northeast  of  the  Rock  City  station,  on  t  he  top  of  the  Olean 
conglomerate,  I  obtained  some  pieces  of  slaty  coal  and  arenaceous 
shale,  which  Mr.  Milo  Cook,  of  Olean,  informed  me  he  himself  saw 
dug  out  in  making  an  excavation  when  the  roads  were  being  cut  at 
the  first  oil  excitement  In  this  region.  At  that  time  he  saw  thi|  black 
shale  in  place,  and  there  were  some  two  or  three  feet  of  t  he  black  shale 
with  streaks  of  coal,  which  at  the  time  caused  hope  of  finding  coal,  but 
the  digging  revealed  no  solid  coal,  so  the  search  was  abandoned.  The 
samples  of  this  shale  are  marked  487  E',  and  attention  is  drawn  to  them 
as  marking  the  horizon  of  the  Marshburg  coal  of  Mr.  Ashburner's 
report  The  whola  mass  of  upper  sandstone  is  of  a  white  color,  free 
from  iron  stain,  and  contains  little  cementing  material,  and  what  there 
is  of  it  appears  like  fine  clay  or  decomposed  feldspar. 

Several  large  stems  were  seeu  iu  this  sandstone;  one  is  a  fragment 
of  a  Sigillaria  stem. 

The  lower  member,  or  true  Olean  conglomerate,  corresponding  to 
the  conglomerate  so  defined  iu  McKean  County,  is  better  defined  as  a 
coarse  conglomerate  with  a  sandy  matrix  and  occasional  streaks  of 
sand. 
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IradfoN.  IHcKcan  rouslyi  Pa,— ISS. 

AOl-V  tlio  careful  ariil  I'xiiiiii  stive  work  of  Mr.  Aslibiini.r  in  Jli-Keaa 
■  Oonuty  it  woulil  be  difficult  to  add  luach  to  the  strati^raiiliical  geology 
'of  this  county  aa  set  forth  in  Report  Second  Geol.  Surv.  Peuii.,  It.  Mr. 
'  Ashburner  iu  1980  fouud  the  rocks  fVoiD  the  Olean  conglomerate  to  the 
bottom  of  the  deepest  valley,  paleontologically  considered,  essentially 
one  gronp,  incapable  of  subdivision  (op.  cit.,  p.  292,  §  388).  But  , 
paleontologically  the  strata  are  certainly  poorly  provided  with  means 
of  discrimination.  As,  however,  the  sections  in  this  county,  and  c-si>e- 
',  cially  the  Dennis  well  section  near  Bradford,  are  authoritative  and  arc 
'  extensively  U8e<l  for  comparison,  I  took  some  pains  to  locate  the  fos- 
ailiferous  zones  of  the  corresponding  aeries  of  Southern  New  York  in 
this  rock  series  exposed  at  Brotlford.  I  examined  such  rock  outcrops 
'  as  I  could  find  from  the  valley  np  the  side  of  Mount  Eaub  to  the 
I  Olean  conglooiemte  capping  it.  This  is  section  488  C  ;  also  along  the 
hillside  towards  the  Dennis  well,  488  A.  The  materials  collected,  while 
>  not  extensive,  were  sufficient  to  illustrate  the  genera)  succession  and 
position  of  the  several  fossiliferous  zones.  Iu  the  valley  (1,440  feet  al- 
I  the  railrand  depot)  and  running  up  a  couple  of  hundreil  feet  are  found 
<  the  chnracteristicbluish  gray,  argillaceous  and  sandy  shales  and  the  thin 
B&ndstonesof  tbeUpt>er  Chemung  horizon,  and  in  ttaeui,  abundantly  in 
some  of  the  layers,  the  sjiecies  of  the  upper  fauna  of  the  Oheinnng  group. 
'  Jn  488  C,  A'  and  B',  are  seen  the  following  species : 
Spififi-ra  disjunrUi,  with  high,  in-eriirchiii;:  area. 
Rbi/nckonella  contractu. 
Productella  arctiroxtrata,  running  into  the  type  of  the  var.  lima  of  P. 

Inchrymosa,  are  the  more  common  forms. 
Ceriopora,  sp. 

Fragments  of  crinoid  stems. 
Leiorht/nihus  f  globuli/onnis,  or  one  of  that  tyi)e. 
Leptodesma,  near  L.  Morloni  Ilall. 
Qrammyaia  communis, 
Palwoneilo. 

This  is  the  combination  of  forms  frequently  met  with  in  the  softer 
shales  of  the  upper  fossiliferoun  zone  of  the  Chemung,  Above  this  are 
red  ahalea,  gray  and  green,  micaceous,  flaggy  shales,  and  sandstones. 

A  hundred  feet  or  so  above  the  last  traces  of  this  Chemung  faaoa  a 
fine  sand.stone  (A^  and  C^),  with  the  small  vertical  worm  borings  near 
tlie  top,  is  clearly  distinguished  iu  both  sections.  This  is  mainly  com 
liosed  of  sand,  but  also  contains  stratified  layers  of  pebbles.  The  peb- 
bles are  generally  small  and  smoothly  polished,  with  a  few  larger  flat 
pebbles  and  an  occasional  jasper.  This  I  interpret  to  be  the  stratum  No. 
15  of  the  Dennis  well,  descril>ed  as  "  S.S.  gray,  line,  mixed  with  slat^',  a 
fewpebbles,  specs.  20, 137;  —23  feet,  elevation  1,817  tol,S40feet,  and  re- 
ferred to  the  Ked  Catskill  gronp"  by  Mr.  Ashburner.  (Op.  cit.,  p.  288.) 
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At  this  zone  a  few  fossils  were  detected,  enough  to^how  to  what  fauusi 
they  belong : 
8pirifera  di^juncta. 
A  small  fish  tooth. 

A  Leptodesma  of  the  L.  Mortoni  type. 
PaUBonatina  typa. 

A  cast  of  a  lamellibranch,  resembling  Schizodus  ohlatus^  but  too  imper- 
fect for  identification. 

There  is  no  place  in  the  more  northern  sections  to  which  such  a  fauna 
in  such  a  rock  can  be  referred,  except  tbe  flat  pebble  conglomerate. 
Between  this  and  the  Olean  conglomerate  the  prevailing  characters  are 
red  and  gray  shales,  greenish,  micaceous,  thin  bedded  shales,  and  sand- 
stones. Not  far  above  the  sandstone  A^  and  C^,  at  C*,  Roloptychius 
scales  and  Sauropterus  Taylori  were  found  in  thin  bedded,  shaly  sand- 
stone. Above  this  the  only  fossiliferous  stratum  detected  is  a  band  of 
ferruginous  sandstone,  C,  in  which  were  found  the  Rhynchonella  and 
Spirifera  characteristic  of  a  similar  ferruginous  sandstone  underlying 
the  conglomerate  at  Olean  and  at  Little  Genesee. 

In  the  present  section  this  sandstone  is  separated  by  over  fifty  feet 
from  the  base  of  the  conglomerate,  and  it  is  apparently  In  the  horizon 
called  by  Mr.  Ashburner  the  sub-Olean  conglomerate  of  the  Dennis  well 
section;  but  it  is  not  a  conglomerate,  nor  did  I  discover  any  stratum  of 
conglomerate  except  the  one  mentioned  above  on  the  hillside  of  Mount 
Baub.  The  Olean  conglomerate  is  clearly  represented  at  the  top,  having 
the  same  characters  as  at  Olean. 

Whatever  may  be  said  of  the  differences  between  the  stratigraphical 
conditions  of  this  Bradford  section  and  the  corresponding  five  or  eight 
hundred  feet  under  the  Olean  conglomerate  of  Eofek  City,  I  am  per- 
suaded that  the  sequence  of  faunas  was  the  same  in  both  cases.  The 
faunas  are  sparse,  both  in  species  and  in  individuals,  but  they  are 
clearly  recognized  in  the  same  order  of  succession  as  that  borne  by 
them  in  the  sections  fartner  north.  They  are  not  confused:  Spirifera 
disjuncta^  though  found  at  each  zone,  presents  varietal  characters, 
clearly  distinguishing  the  upper  zone  from  those  below.  The  Lower 
Chemung  form  is  of  the  narrow  type,  with  short  or  rounded  cardinal 
extremities,  with  high,  overarching  beak,  strong  dental  lamelhe,  and 
strongly  defined  fold  and  siuus,  the  front  produced,  as  in  Figs.  1,  3, 
11,  16,  and  17  of  Plate  42,  Geol.  Sarv.  N.  Y.,  Pal.,  Vol.  IV,  Pt.  I.  This 
type  prevails  up  to  the  zone  of  the  flat  pebble  conglomerate,  where 
it  is  occasionally  seen.  But  in  the  ferruginous  sandstone  under  the 
second  Olean  conglomerate  the  elongate  type  occurs,  with  mucronate 
cardinal  extremities,  the  plications  rather  finer,  the  fold  and  sinus  less 
strongly  defined,  the  front  not  produced,  approaching  the  typical  char- 
acters of  the  Carboniferous  S.  striata. 

I  have  called  them  all  Spirifera  disjuncta  because  a  study  of  the 
forms  appearing  in  the  successive  zones,  as  they  are  lTae.^(\.  ^\fc\)  \s^ 
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''Uteji,  iireseuta  variations  wUich  link  llie  jnuvuiliiig  t>i>(!  of  one  mov 
r/ifi}^  ,flVe  prevditiag  typfe'rtt^tb&.sntysowling vue."  There  i^  a  vitrioly  iu 
*tEe' Upper  Ch^iiiinig  fintiit.'*  \tJi]clcii''iii^rKtiiigQi9lial)le  fi-oiii  noma  speci- 
mens of  the  Iowa  Spirifera  VTliitiiei/i,  but  its  ossociatioun  hIiow,  inilts 
putably,  tHat  it  ia  but  a  variety  of  ^.  digjuntifa  of  our  UjiiMsr  Devonian. 
Similar  Rtateinenta  may  bo  intule  in  re^iK^ct  to  mauy  other  apt'cies,  tiiil 
|.B)iice  it  can  be  plainly  detnoustrated  thiittbti  pre%'ailtug  characteristiiKt 
I'assuiiied  by  a  species  at ouo  stage  are  very  frequently,  to  eay  the  legist, 
,  not  thoae  aannmed  by  it  at  the  uoxt  succeeding  etttge,  it  will  ccrtainiy 
)  lead  to  Ie»a  coufusioii  to  use  jireseiit  B]>eciflc  names  with  some  oUi«ticity 
i  iiutil  the  laws  of  mudi&oatiba  shall  be  clearly  distingaished  iu  their 
iXelatioDs  to  both  geological  range  aiul  geographical  distribution.  At 
the  same  time  it  has  l>eeu  iny  intention  iu  tlici^e  preliminary  pajierti  to 
I  :poiut  out  any  marhed  variation  from  the  prevailing  cliaracteristics  of 
I  species  recordetl. 

>  The  stratigraphiual  couditiouy  ai'e  not  uuil'urm  fur  tlie  Bradfonl  and 
'Southern  New  York  sections.  In  the  Bradford  sections  there  i.s  a  great^^r 
I  |ire[K)nderance  of  red  shales  and  green,  micaceous,  flaggy  sandstiinc 
Taking,  however,  the  Olefin  conglomerate  above  and  tho  gray  and  green 
iShales  with  Chemung  faunas  below  as  two  well  duHned  l>ouiidarie«, 
,  ttia  differences  in  the  intervening  deiHtaiCs  for  the  northern  and  southem 
aec'.iona  eeem  to  me  to  be  best  explained  as  geographical  variations  iu 
'  the  nature  of  syuchrononsly  deposited  sediments.  Uniformity  iu  the 
frtunas  and  iu  the  onler  of  tlit'ir  ajipearanue  slioulil  ti;atify  rnons  posi- 
tively for  equivalency  of  horizon  than  difference  iu  the  nature  of  the 
deposibj  should  against  it. 

Alloa,  ncEean  Coanlf,  Pu.— i89. 

The  rock  cK|>osnre-s  smith  of  Bradford  lead  rapidly  up  into  the  cuu- 
gU)merat«s,  and  in  Lafuyettc  Township  wo  reach  the  iirat  heavy  cti;d 
scams  of  thi»  area. 

At  Alton  and  at  Buttsville  I  luado  a  rapid  survey  of  the  sandstone  anii 
coal  deposits  and  gatliered  materials  for  comparison  with  the  sections 
farther  north.  So  fossils  ctcupt  coal  plants  were  detected.  In  the 
coarse  sandstone  underlying  tlie  first  Alton  cu.tl  are  coarse  stems  of 
Higillaria,  apparently  identical  witli  those  of  the  upper  member  of  the 
Olean  conglomerate  at  Kock  City. 

In  regard  to  the  lithotogical  and  strati  graphical  featiir  es  of  this  region 
little  can  be  added  to  the  excellent  work  of  Mr.  Ashburncr  (see  Iteport 
Second  Geol.  Surv.  I'enn.,  H,),  His  Kiii/.ua  Creek  sandstone  is  evidently 
the  representative  of  the  upper  member  of  the  Olean  conglomerate,  and 
the  thin  mass  of  black  shale  and  shaly  sandstone  separating  t  he  conglom 
erate  from  the  coarse  sandstone  capping  the  "rock  city"  represents.! lie 
Marshburg  upper  coal  of  the  Pennsylvania  reports.  The  representative 
of  the  Olean  conglomerate  in  Lafayette  Township  I  found  less  massive 
and  with  smaller  [lebbles  than  the  characteristicOlcau  nongtomerateof 
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Bock  City,  Cattaraugus  County,  N.  Y.,  or  than  that  on  Mount  Raub, 
above  Bradford. 

The  elevation  of  the  bottom  of  the  Olean  conglomerate  at  Alton  is 
1,878  feet  and  at  Butts  ville  1,924  feet,  as  given  by  Mr<  Ashburner  (op.  cit., 
p.  185).  This  gives  an  average  dip  of  about  twenty-five  feet  to  the  mile 
from  Bock  City  southward,  which  agrees  with  the  estimates  I  had  made 
of  the  average  dip  of  the  upper  strata  in  Allegany  County.  From  all 
the  evidence  accumulated  from  surface  exposures  and  position  in  the 
salt  wells  of  WyomingCounty  of  the  Corniferous  limestone  from  Genesee 
County  to  the  edge  of  Allegany  County  the  average  dip  is  not  far  from 
fifty  feet  to  the  mile. 

CONCLUSIONS. 

Prof.  I.  C.  White,  in  the  Report  of  the  Second  Geological  Survey  of 
Pennsylvania  (QQQQ,  p.  77),  calls  the  sub-Glean  conglomerate  of  Mr. 
Ashburner  the  equivalent  of  his  Shenango  sandstone,  and,  as  a  sand- 
stone, puts  it  in  the  midst  of  equivalents  of  Cuyahoga  shales  of  Ohio. 
The  shales  below  it  graduate  eastward  into  the  Pocono  groups.  A  study 
of  the  reports  of  Messrs.  White  and  Ashburner,  taken  with  my  own  ex- 
amination of  the  rocks  about  Bradford,  suggests  the  following  conclu- 
sions: 

(1)  The  Olean  conglomerate  is  the  equivalent  of  beds  lying  under  the 
coal  in  Pennsylvania. 

(2)  There  is  a  second  conglomerate,  with  flat  pebbles,  under  the  Olean 
conglomerate,  which  must  be  regarded  as  of  wide  extent. 

(3)  The  Pennsylv^ia  geologists  regard  this  lower  flat  pebble  con- 
glomerate (the  "sub-Glean,"  "sub-Garland,''  &c.)  as  lying  under  the 
**Catskill"and  in  the  midst  of  deposits  equivalent  to  the  Lower  Car- 
boniferous beds  of  Ohio  and  the  West.  • 

(4)  It  is  recognized  by  them  as  lying  in  the  midst  of  the  Pocono  group 
of  the  Eastern  Pennsylvania  section. 

(5)  My  section  shows  it  to  be  at  the  top  of  the  Chemung  and  contain- 
ing a  fauna  of  decided  Chemung  type,  which  is  distinct  in  some  feat- 
ures, but  appears  in  the  shales  below. 

(6)  These  underlying  shales  in  Kew  York  gradually  run  into  genuine 
Chemung  rocks  and  fauna  and  cannot  be  discnniinated  from  them  by 
any  sharp  line  of  distinction. 

I  have  traced  the  conglomerate  and  the  faunas  coming  up  to  it  con- 
tinuously from  north  to  south  and  observe  (a)  an  increase  of  green, 
micaceous  slates,  {b)  the  appearance  of  red  shale  (1)  lower  and  (2) 
thicker,  and  (c)  the  sand  deposits  more  conspicuous  the  farther  south 
the  section  is  made. 

I  conclude,  therefore — 

(7)  That  with  the  geographical  passage  southward  the  Upper  Che- 
mung beds  grow  coarser  in  their  sands,  the  argillaceous  bands  become 
more  micaceous,  and  the  red  bands  are  intercalated,  and  are  present 

lower  in  the  series ; 
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(8)  That  pmbiibly  the  same  tliiiie  occurred  in  regard  to  the  liigber 
deposits  of  the  Caiboiiiferous ; 

(ft)  That  the  total  deposits  were  thickened  on  passing  aouthwai-d  by 
increase  in  the  coarse  sauds,  bat  that  the  red  and  greeu  8iinle»  may  only 
taki^  the  fdace  of  Che  brown  and  blue  shales  farther  north  ; 

(10)  That  the  sands  are  purer  and  whiter  by  becoming  coarser  and 
freer  from  the  brown  clay  and  mud  forming  the  ordinary  ehaly  dei>ositd 
«f  the  Chemung,  in  New  York ; 

(1 1)  That  with  the  purer  deiiosit  of  sand  the  aands  themselves  become 
more  maseive,  and  are  thus  more  easily  dintingnished  as  sands  from 
the  shales  between  ;  and 

(12)  That  the  increased  thickness  of  the  total  mass  affects  the  dip  of 
the  rocks  based  itpou  that  of  the  Ooniiferous,  so  that  the  apper  (ttrata 
are  more  nearly  horizontal  over  Sonthern  New  York  and  Northern 
Pennsylvania, 

(13)  I  judge  from  the  numerous  facts  here  arrayed  that  the  conditions 
ibr  the  deposition  of  re<l  shales  were  not  congenial  to  the  marine  fauna 
of  the  Upper  Chemung  group.  So  long  as  they  were  bnt  temporary — 
represented  by  thiii  layers  or  OL-casioually  intruded  in  the  midst  of  the 
onliuary  green  shales — the  Chemung  fauna  was  only  temporarily  dU- 
tni'bedby  their  presence,  bnt  when  they  became  the  prevailing  sediment) 
associated  with  micaceous,  flaggy  sandstones  and  green  shales,  the  Che- 
4DUUg  fauna  departed. 
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EXPLANATION  OF  PLATE  III. 

I 
I.    1.  Dlpienii  Kelioiii  Xevlierry,  mi.,  from  tho  conglomerate  of  tbs  Upper 
Dpvouiaii,  nenr  Riialil'ord,  Allegaiiy  County,  N.  Y 

2.  Diptcmi  t  lirrit  Xenberry,  ms.,  from  the  Cbeniuug  cotiglimietnio,  at 

Littlo  Geiieii'B,  Alleguoy  County,  N.  Y. 

3.  Aptgchat  of  GoHiatiltt,  X  f,  ft^imtbe  Portage  flbales  at  Attica,  Wyo- 

ming County,  N.  Y 

4.  Jplj/ahutnf  Ouiiialita,  X  h  from  tboPorUgashdlos,  Warsaw,  Wyomiiig 

County,  H.  Y 5.. 

I>.  Lanalieardiiija  lei^,  a.  sp.,  rigbl  valve,  from  the  green  Portage  sbnles, 

Varyshurg,  Wyoming  County,  N.  Y 

6.  ZuintHeardium  levii,  right  valve,  same  locality 

T.  LannUearilliiin  fragth  Hall,  aume  locality 

a.  LKii*llcardimt  ten;  n.  ap.,  left  valve,  ftom  the  Portage  green  shaiea, 
Wnrsaw,  Wyoming  County,  N.  Y.     (This  and  Fig.  6  ar«  tlio  typfs  of 

this  apecies) 

9.  Ptsckofleriat  maocoitaUt,  n.  sp.,  X  f,  from  the  Portage  Bbalca,  War- 
saw, N.  Y 

10,11.   Pteriaojtecten  t  Alticui,  n.  sp.,  rigbt  and  left,  valves,   X   ),  from  the 

Portage  aha  lei.  At  ti  en,  N.  Y 

la,  Plgchopltria  mesoeostalu,  vht.,  left  valve,  from  the  Portage  shales,  At- 
tica, N.Y  

15.  LiielHa  TTjomfnjtBsis,  u,  sp.,  X  }.  from  the  Portage  gbales,  Varysburg, 

N.Y 

14.  Luciiia  Varyibargia,  n.  sp.,  x  i,  from  the  Portage  shales,  Varyebarg, 
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EXPLANATION  OF  PLATE  IT. 

I 
i.  1.  Bh^nekoitgUa  AUegania,  n.  sp.,  dorsal  view  of  jutarior  inipreaalon,  from 
the  rerrugiiioiis  suucUtone  t>i<low  the  Oloun  ooo^loroerate,  Littla 
Genesoo,  Allegany  Connty,  N.  Y 

5.  Bh^ekotietla  AUegania,  lateral  view  of  an  iuterior  impressloTi,  from  the 

eame  locality 

3.  BhyncliontUa  Allfsania,  ventral  valve,  taken  IVom  a  ghtt^  percha  im- 

preMion,  frora  the  same  locality .^ 

4.  Ehj/Kchonella  AUtgania,  iloraol  view  of  an  interior  impreBsion,  &om  tha 

Banie  locality _ 

6.  Bltj/nehonella  AlUgania,  aida  view  of  same  spetimen  - . 

6.  Bht/nckonella  AUegania,  a  ventral  valve,  interior  inipieetiioii,  from  the 

eame  locality 

7.  Bhsne^enclla  Alleganfa,  showing  doltidiuui,  beak,  and  foramen,  tteaa  a 

gntta  percba  imprBBsJoii 

6.  Bhynehonella  AUegania,  interior  of  ventral  valve,  an  iuiprewion  some- 

■n  hat  distorted 

9.  ArenicoUlet  duplex,  n.  tip.,  b,  lateral  view  and  a  ehowiug  a  traiiaverse 

section  across  top  of  6,  from  tbt- Port, ige shales,  Varysburg,  N.  Y... 
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Allegany  Coanty.  sections  and  exposures  in,  90. 
S9. 

Chemong  rocks  of,  51. 

Portage  rocks  of,  51. 

faonas  of  northern.  73. 
Allorisma  Winchelli.  88. 
Alton,  Pa.,  exposures  at,  103. 
Amhoccelia  urabonata  Hall,  56,  5ft.  74, 75,  76,  78,  80. 
Amboccolia  nmbouata  Hall,  var..  60. 
Amboccelia  urabonata,  var.  recta,  56. 
Andrews,  E.  B.,  cited,  19. 
Aneroid,  use  of.  in  determining  elevations,  53. 
Aptychus  of  Goniatites,  37. 

explanation  of  figures  of,  PI.  Ill,  1 19, 
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Aptychus  ?  or  Spathiocaris  f  (Clark),  85. 
ArenicoHtes,  defined,  46. 
Areuioolites  doplex,  n.  sp.,  description  of,  46. 

named,  47. 

explanation  of  figures  of,  PI.  IV,  116. 
Armstrong  quarry.  63. 
Ashbnmer,  C.  A.,  cited,  12, 19, 100. 
Aapidicbthys  clavatus  Newberry,  43. 
Athyria  Angelica,  58, 61, 64. 65.  66, 67,  68.  69, 73.  74, 

75, 84,  85, 92,  93,  95,  96. 
Athyria  Angelica  fauna,  22. 
Athyris  polita,  85. 
Attica,  N.  Y.,  exposures  at,  31. 
Aulopora,  sp.,  77. 
Avicnla,  34,  69. 
Ariculopecten.  78. 
Avicalopecten  cancellatns,  67, 68. 
Avionlopecten,  sp.,  74. 
ATicnlopecten,  var.,  64. 
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Barrois,  cited,  13. 

Beecher,  C.  £.,  cited,  18,  note, 
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Beifsat  quarry,  section,  expoenre,  and  altitude  at, 

7«. 
Belgium,  Devonian  series  of  Kortbem  France 

and,  13. 
Bellerophon,  near  B.  Buclid,  74. 
Bellerophon,  sp.,  68, 89. 
BeUentphon  mosra,  59, 74. 
BebD(»i(»  altitude  and  expoaores  at,  78. 


Bennington  sectiou,  47. 
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relation  of,  to  the  upper  fiaunais  94. 

relation  of  Yorticalis  sandstone  to.  45. 
Bolivar,  section,  exposures,  and  altitude  at.  89, 

90. 
Brachiopod  fauna  of  Cuba  sandstones,  64, 05,  66. 
Bradford,  section  and  exposures  at,  lOO. 

order  of  succession  of  faunas  at,  101 . 
Bryozoau  in  Contronella  Red  Band,  56. 

C. 


Calceola,  35. 

Canoadea,  section,  exposure,  and  altitude  at,  75* 

Caneadea  Creek,  dip  along,  55. 

fauna  of,  60. 

section  at,  60. 

lower  part,  section  on,  77. 
Carboniferous  formation,  variable  nature  of  de« 

posits  preceding,  13. 
Carboniferous  series,  Portage  group  the  base  of 

the,  18. 
Cardiola,  35. 
Caidiola  fauna,  22,  34. 

CardioU  speciosa,  33,  34,  il,  40. 42. 43.  oO,  52.  80. 
Cardium,  41. 

Carll,  John  F.,  cited,  12, 19. 25. 
Catskill  and  Chemung  rooks,  relations  of,  27. 
Catskill  deposits  in  Western  New  Vot  k.  28. 
Cayuga  Lake  section.  23. 
Centronella  Julia,  58,  59,  67. 
Centronella  Red  Band  fauna,  56. 
Ceriopora,  sp.,  65,  66, 67, 78,  96, 100. 
ChKtetes,  sp.,  58,  68,  73,  74, 75, 76, 83 
Champemowne.  cited,  12. 
Chance,  IT.  M..  cited,  12, 19. 
Chautauqua  County,  sections  examined  in,  9. 
Chemung,  transition  to  red  and  green  shales  from, 
85. 

(See,  also.  Upper  Chemung.) 
Chemung  fauna,  23,  24. 

strata  following  the,  tl5-97 . 

period  of,  28. 
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J»Ta  Center,  altitade  at,  49. 

Java  Village,  ex|»oeare  in  ravine  east  of,  49. 

Jnkea  cited,  12. 

K. 

Kayeer,  Emannel,  cit«d.  13,  38. 
Kinzna  Creek  sandstone,  99. 


L. 


l>amellibranch  faana,  23. 
Lamellibranchs,  description  of  two  new.  35. 
Leda  diversa,  42. 
Leiorhynchus,  59,  61. 

faona,  22,  30. 
Leiorhynchna,  sp.,  75. 
Leiorhynchns  (?)  globaliformis,  100. 
Leiorhynchna  mesooostilis.  a6,  60.  61.  77. 
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PRKl'ACK. 


The  present  balletin,  like  the  preceding  bulletins  numbered  9  and  27,  is 
intended  to  give  a  fair  representation  of  the  work  done  in  the  chemical 
and  physical  laboratories  of  the  United  States  Geological  Survey  dur- 
ing one  fiscal  year.  It  covers,  however,  only  such  work  as  has  been 
actually  finished  during  the  stated  time,  and  therefore  much  material 
relative  to  investigations  still  in  progress  has  been  necessarily  omitted. 
One  paper,  like  two  others  in  Bulletin  27,  represents  the  continued  co- 
operation of  Prof.  V.  Strouhal,  of  Prague,  and  another  bears  the  names 
of  F.  W.  Clarke  and  J.  S.  Diller  as  joint  authors.  Although  Mr.  Diller 
is  connected  with  another  branch  of  the  Survey,  he  has  rendered  many 
services  to  this  division  and  has  added  much  to  the  value  of  two  of  the 
papers  herein  presented. 

The  two  papers  by  Dr.  Gooch  cover  investigations  which  were  neces- 
sary in  the  course  of  a  large  series  of  analyses  of  geyser  waters  from  the 
Yellowstone  Park.  The  latter  are  held  back  for  the  present,  but  will 
appear  in  a  future  publication.  Mr.  Whitfield's  research  also  arose  out 
of  similar  exigencies.  In  each  case  the  existing  methods  of  determina- 
tion were  unsatisfactory  and  not  exact  enough  for  our  purposes. 

F.  W.  CLARKE, 
Chief  Chemist 
(9)  9 
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WORK  DONE  IN  THE  DIVISION  OF  CHEMISTRY  AND 

PHYSICS  IN  1885-86. 


SCIENTIFIC    PAPERS. 


RESEARCHES  ON  THE  LITHIA  MICAS. 


By  F.  W.  Olakke. 


I.  THE  LEPIDOLITES  OF  MAINE. 

In  the  western  part  of  Maine,  along  a  line  ranning  southeasterly  from 
the  Eangeley  Lakes  to  a  point  on  the  seaboard  between  Portland  and 
Brnnswicky  is  a  series  of  veins  of  albitic  granite  which  are  noted  for 
the  lithia  micas  and  colored  tourmalines  that  they  contain.  These  locali- 
ties, in  the  towns  of  Hebron,  Auburn,  !N'orway,  Paris,  and  Bumford, 
are  all  within  a  narrow  belt  of  about  40  miles  in  length,  and  with  them, 
as  a  probable  part  of  the  same  system,  may  be  classed  the  spodumene 
locality  in  the  town  of  Pern.  The  northernmost  locality  is  that  on 
Black  Mountain,  in  Bumford;  but  a  few  fragments  of  inferior  green 
tx>nrmaline  have  been  found  about  five  or  six  miles  farther  north,  in 
Boxbury,  a  fact  which  indicates  a  prolongation  of  the  belt  in  that 
direction.  Similarly,  a  southern  extension  of  the  belt  is  suggested  in 
the  region  covered  by  the  towns  of  Pownal,  Durham,  Yarmouth,  and 
Freeport,  a  region  from  which  a  few  specimens  of  lepidolite  have  been 
reported.  The  total  width  of  the  belt,  so  far  as  has  been  observed,  ap- 
pesis  to  be  not  much  over  15  miles. 

In  general  character  the  several  localities  are  much  alike,  although 
in  x>oints  of  minor  detail  they  differ  considerably.  With  the  tourmaline 
and  lepidolite,  quartz,  muscovite,  cleavelandite,  cassiterite,  and  amblyg- 
onite  are  always  associated ;  and  other  minerals,  to  be  specially  noted 
in  the  sei^arate  consideration  of  the  localities,  are  often  found.  Some 
of  the  differences  are  doubtless  due  to  the  fact  that  certain  localities 
have  been  more  thoroughly  opened  up  than  others,  and  these  would 
probably  be  eliminated  by  more  complete  exploration.  Other  differ- 
ences, however,  are  notable  and  characteristic.  The  accompanying 
map  (Plate  I),  which  shows  the  geographical  distribution  of  the  locali- 
ties, 'will  be  of  use  for  reference  during  the  following  discussion. 

(11)  vv 


WASHINGTON    LABORATORY. 

For  conveuieuce  w«  may  coiiaidur  the  lepidolitea  of  tbe  several  local- 
ities separately,  ttegiiiuiog  with  the  northeniinost  and  iiroceediDg  sontlt- 
ward  in  regular  order. 

RumforH. — The  Rnmford  locality  was  discovered  several  yearB  ago 
by  Mr.  E.  M.  Bailey,  of  Andover,  Maine,  but  it  was  not  opened  up  until 
1S83.  It  in  most  easily  approached  from  Andover  and  is  situated  on 
tho  northern  slope  of  Black  Mountain,  at  an  estimated  elevation  of 
about  a  thousand  feet  above  the  base.  As  yet  the  excavations  are 
merely  superficial,  although  they  are  enfgcient  to  show  tlie  general 
character  of  the  deposit.  A  part  of  the  lepidolite,^  which  is  very 
abundant,  is  fairly  pure,  lilae  purple  in  color,  and  finely  granular;  bat 
the  larger  portion  of  the  mineral  is  coarser  in  structure,  reddish,  and 
thickly  sprinkled  with  small,  opaque,  red  tourmalines.  The  color  of 
the  latter  is  very  rich,  and  some  are  found  in  radiated  masses  of  con- 
siderable size ;  but  so  far  no  true  gem  material  has  been  obtained  at 
the  locality.  The  appearance  of  the  associated  lepidolite  and  tourma- 
line is  strikingly  characteristic  and  resembles  nothing  from  the  other 
localities  of  the  region.  Green  tourmaline  is  found  quite  sparingly, 
aud  so  also  are  amblygonite  and  tinstx>ne.  The  spodnmene,  bowever, 
ia  one  of  the  notable  features  of  the  deposit,  occurring  in  masses  of 
very  great  size.  Faces  of  this  mineral  over  a  meter  in  length  can  be 
observed  at  several  points  along  the  vein.  At  the  other  lepidolite  lo- 
calities spodnmene  is  comparatively  scarce.  An  analysis  of  the  gran- 
ular purple  lepidolite  gave  Mr,  R.  B.  Rigga  the  following  results : 
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In  the  ordinary  analysis  no  cesium  nor  rubidiam  could  be  foood;  bnt 

a  bare  trace  of  the  the  latter  was  shown  spectroscopically  in  an  exam- 

^^■kin  of  the  alkalies  concentrated  from  150  grammes  of  the  mineral. 

^1  the  analyses  tbe  water  was  determined  directly  by  means  of  tbe 
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Gooch  tabulated  cracible.  Lithia  was  estimated  by  the  new  method 
devised  by  Dr.  €k)och  and  described  in  another  part  of  this  bulletin. 
The  flaorine  was  determined  by  the  old  Berzelins  process. 

Paris, — ^The  famous  locality  known  as  Mount  Mica,  which  lies  about 
a  mile  eastward  from  the  village  of  Paris,  was  discovered  in  1820  by 
Messrs.  E.  L.  Hamlin  and  Ezekiel  Holmes.  Since  that  time  large  exca- 
vations have  been  made  in  search  of  mica  and  of  gem  tourmalines,  and 
the  locality  is  one  of  those  most  noted  among  mineral  collectors.  It  has 
been  thoroughly  dei^cribed  by  various  writers,  especially  by  Dr.  A.  0. 
Hamlin  in  his  little  book  The  Tourmaline.^  Quite  naturally,  on  ac- 
count of  the  long  continued  explorations,  the  list  of  species  found  at 
Mount  Mica  is  much  fuller  than  that  for  any  of  the  other  deposits;  and, 
according  to  ^r.  S.  B.  Garter,  who  has  supervised  much  of  the  excavation 
and  made  Jarge  personal  collections,  it  embraces  the  following  minerals : 
Tourmaline^  black,  green,  red,  blue,  white,  and  yellow;  Beryl^  green, 
white,  and  yellow ;  Quartz^  rose,  yellow,  smoky,  and  crystallized;  Oar- 
net  ^  Zircon;  JLZ&it^,cleavelandite;  Orthoclase  ;  Spodnmene  ;  Muscovite ; 
JSiotite;  Lepidolite ;  Autunite;  Apatite^  green,  blue,  and  crystallized; 
CooJceite;  Broohite;  Childrenite ;  Yttrocerite;  Amblygonite;  Kaolinite; 
Balloysite;  Cassiterite;  Lolingite;  Triphylite;  Pyrite;  and  Tantalite{f). 

The lepidolite  occurs  both  in  the  purple,  granular  form,  and  also  broadly 
foliated  like  muscovite.  The  latter  variety  was  analyzed  by  Mr.  Biggs, 
and  the  results  may  well  be  compared  with  those  obtained  by  Berwerth' 
and  by  Bammelsberg : ' 
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Berwertli. 
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Rammelsberg. 
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102.22 
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^  Pablished  by  James  R.  Osgood  &  Company,  Boston,  1873, 12^,  107  pp. 

sZeit.  Kryst.  Min.,  2,  p.  523. 

*  flee  Third  Supplement  to  Dana's  System  of  Mineralogy  p.  79. 
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I. 

U. 

1.47 

.9fl 

U.W 

.m 

2.35 

ia.ofi 

>nt,  therefore,  must  be  less  than  tbe  fig- 

lupi(Iolit«  there  Iiare  been  found  speci- 

lalinu,  whicli,  preserviug  tUeir  orystalline 

ilion  iuto  n  Hoft«r  mineral  of  an  opaque, 

tliis  material  so  derived  from  tourmaline 

■litu  J  and,  as  it  was  possible  that  a  study 

analysis  of  a  pink  specimen,  originally  rub- 

The  specific  gravity,  as  determined  by 

Analysis  is  as  follows : 
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show  clearly  that  the  alteration  product  is  uot  lepido- 

ite,  afoot  wfaich  could  hardly  be  altogether  unexpected. 

ie  western  part  ofthis  town,  near  tbe  Minot  liue,  there 

,  leu  thau  half  a  mile  apart,  yieldinf;  Icpidolite  with  the 

la.    The  oue  longest  known  is  small  and  apparently  un- 

pe  other,  lying  about  southeast  of  the  first,  npou  tbe 

Hatch,  has  been  tlioronglily  opened.    It  has  yielded 

gem  tonrmalines,  mostly  of  the  paler  grceniiih,  lilac, 

,  annsually  fine  crystallizations  of  apatite,  and  per- 

italliKfttions  of  lepidolite  so  far  known.*    Cookeite, 

tssiterite,  muscovite,  biotite,  beryl,  gim»*  — M+t. 

ti looftlity,  seeG.  P.  Kunz,  An.  Jonr.  SeL Q 
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Hebron. — Abont  7  miles  sonlbeast  of  Mount  Mica  is  the  well  Icdowq 
locality  in  Hebroii,  wliicli,  bowever,  becaase  of  ]cg;al  complicntioiis  in 
the  title  to  the  Isiiid,  bas  been  but  little  worked.  All  the  esploration, 
80  far,  has  been  suporticial ;  and  yet  many  fine  specimoos  of  green  and 
red  tourmaline,  cassiterite,  amblygonite,  cookeite,  beryl,  apatite,  and 
ohildrenite  have  been  obtained.  The  lepidolite  of  this  locality  is  of 
tiie  ordinary  purple,  coarsely  granular  liind,  but  is  especially  inter- 
esting on  account  of  the  fact  that  it  has  supplied  chemists  witti  consid- 
erable quantities  of  the  rare  uietals  c.-vsiom  and  rubidium.  The  esiat> 
enco  of  these  elemeotB  in  lepidolite  was  first  pointed  out  by  Johnson 
and  Allen,"  who  were  working  on  the  Hebron  mineral ;  and  yet  no  com- 
plete analysis  of  the  latter  seems  so  far  to  have  been  published. 

The  following  results  were  obtained  by  Mr,  Biggs : 


k 


I. 

"■ 

ao, 

4fl60 

88.80 

.80 

.09 

.m 

.10 

.07 
4,40 
.72 

I     12.35 

I.GC 

4.9r> 

28.71 

MnO 

4.58 
.76 

12. 0« 

i.eo 

5.  ID 

F 

LcaBosygen 

101.81 
2.02 

'J9.TD 

In  this  case  the  potassium,  rubidium,  and  ciesium  were  weighed  to- 
gether as  chlorides  and  the  chlorine  was  subsequently  determined. 
The  percentages  given,  12.35  and  12.06,  respectively,  therefore  repre- 
sent the  actual  oxides  present,  and  not  merely  a  computation  of  all  as 
potash  from  the  platinchloride.  In  the  one  case  we  have  10.34  of  metal 
to  2.01  of  oxygen,  while  in  the  second  analysis  we  have  the  ratio  10,98 

■Am.  Jour.  Sci.  (II),  XXXV,  p.  94. 
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to  1.98.    If  caesiam  and  potassium  ODly  were  present  these  would  give 
by  indirect  calculation  the  following  proportions  of  the  two  metals : 


I. 

n. 

K«0 

11.47 

.88 

V 

11.40 
.66 

C83O 

12.06 

12.35 

The  csBsia  and  rubidia  present,  therefore^  must  be  less  than  the  fig- 
ures given  for  GsaO. 

Associated  with  the  Hebron  lepidolite  there  have  been  found  speci- 
mens of  red  and  green  tourmaline,  which,  preserving  their  crystalline 
form,  have  undergone  alteration  into  a  softer  mineral  of  an  opaque, 
talcose  appearance*  Some  of  this  material  so  derived  from  tourmaline 
has  been  supposed  to  be  lepidolite ;  and,  as  it  was  possible  that  a  study 
of  it  might  be  of  interest,  an  analysis  of  a  pink  specimen,  originally  rub- 
ellite,  was  made  by  Mr.  Biggs.  The  specific  gravity,  as  determined  by 
Mr.  T.  M.  Ohatard,*was  2.87.    Analysis  is  as  follows : 

SiOa 43.90 

AlsOs 38.71 

Fe,Oj ; .58 

FeO .25 

MnO .04 

CaO .41 

MgO .05 

Na,0 1.05 

K,0 •. 10.92 

H,0 4.25 

F None 

BfOs i - StioDg  trace 

100.16 

These  results  show  clearly  that  the  alteration  product  is  not  lepido- 
lite, but  damourite,  a  fact  which  could  hardly  be  altogether  unexpected. 

Auburn. — In  the  western  part  of  this  town,  near  the  Minot  line,  there 
are  two  localities,  less  than  half  a  mile  apart,  yielding  lepidolite  with  the 
associated  minerals.  The  one  longest  known  is  small  and  apparently  un- 
important, while  the  other,  lying  about  southeast  of  the  first,  upon  the 
farm  of  Mr.  O.  0.  Hatch,  has  been  thoroughly  opened.  It  has  yielded 
a  large  number  of  gem  tourmalines,  mostly  of  the  paler  greenish,  lilac, 
or  lavender  colors,  unusually  fine  crystallizations  of  apatite,  and  per- 
haps the  best  crystallizations  of  lepidolite  so  far  known.^  Oookeite, 
ortboclase,  albite,  cassiterite,  muscovite,  biotite,  beryl,  garnet,  quartz, 

^For  a  deacriptioa  of  this  locality,  see  G.  F.  Knnz,  Am.  Jour.  Sci.  (Ill),  XXYJI^  Q.3Qa. 

(15) 


WASBINtlTON   LABORATOey. 


iBvu.a 


ami  amblygonit*  am  among  the  other  sitecies  here  found.  The  lepid- 
elite  oGoiirs  In  tlio  ordinary  purple,  ooamely  granular  form,  and  also  in 
remarkable  perfection  as  a  border  upon  muscovite,  tbo  broad  plates  of 
.the  latter  bwing  practically  encircled  by  aggregations  of  small  crys- 
tals of  the  lithia  mica.  Some  epecimeua  of  this  type  have  also  been 
found  at  Paris,  but  the  Auburn  examples  are  much  finer  than  those 
from  other  localities.  The  accompanying  iUuBtration  {Fig.  1)  shows  the 
peculiar  association  of  the  two  minerals. 


rofkplJt 


As  it  was  hoped  that  this  mode  of  occurrence  of  lepidoUte  might 
throw  some  light  upon  its  genesis,  three  analyses  of  material  from  Ad- 
burn  were  made  by  Mr.  Kiggs :  iirst,  of  the  common  granular  Tarietj; 
secondly,  of  the  border  u^kid  muscovite ;  and,  thirdly,  of  the  mosoovite 
itself  from  the  center  of  the  second  specimen.  The  results  were  as  fid- 
iow8,  the  lithia  being  detcrniiued  by  the  old  phosphate  method  : 
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I.  Granular  lepidolite. 


51.11 
25.26 
.20 
.07 
.17 
.12 
.01 
4.7» 
1.52 
10. 51  ^ 
1.29  >12. 
.45j  I 

.as    1.01 

6. 57      6. 67  6. 60 


5.17 
1.35 


121 1 


102.94 
2.76 


100.18 


11.  Border  on 
muscovite. 

II  [.  M08- 

covite. 

49.  GJ 

44.48 

27.  •.>() 

3r>.  70 

,'M 

1.0  J 

.07 

1.07 

• 

Tia-M' 

.10 
Trace 

100. 22 


Trace 
2.41 
9.77 


In  these  analyses  the  determinatious  of  'caBSia  and  rnbidia  are  to  be 
considered  merely  as  rough  approximations.  The  csesiam  was  separated 
as  stanniehloride,  and  the  rubidium  and  potassium  were  computed  from 
the  atnoont  of  chlorine  in  the  mixed  chlorides  of  the  two  metals.  In 
the  oxides  EsO,  Bb20,  and  GsgO,  taken  together,  the  actual  ratio  of 
metal  to  oxygen  Id  analyses  I  aud  II  is  as  follows : 


I 

IL 

Metal 

10. 32 
1.93 

10. 26 
1.95 

9.57 
1.62 

Oxvffen  ...... ......... 

X^ Ajr |^«7U   ...... ......... 

(KRbC8)«0 

12.25 

12.21 

11.19 

Norway, — ^This locality,  which  has  been  but  little  opened,  is  about  seven 
miles  from  Mount  Mica,  in  a  southerly  direction.  With  the  lepidolite  are 
associated,  as  usual,  quartz,  the  feldspars,  the  micas,  cassiterite,  lithiophi- 
lite,  beryl,  &c.,  and  also  a  peculiar  rose  red  clay,  derived  from  some 
other  species  by  alteration.  Most  of  the  colored  tourmaline  is  of  a  pe- 
culiar dark  oily  green  tint,  and  the  lepidolite  is  partly  of  a  coarsely 
granular  white  variety  and  partly  of  a  brownish,  very  finely  granular 
sort. 
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AnalyBss  of  both  varieties  by  Mr.  Biggs  came  oat  as  follows 


WTiite. 

b™-. 

W.GS    4EI.4S 
38.80 
.40 
24 
.07 
.13 
.02 
3.87 
.13 

3.73     12.70 

.OS  J 
l.liO      l.fS 

5. 18     r.,  :p,i 

so.  17 

2S.M 

.ar 

.45 
.33 

UodBt. 

Undet. 
4.03 

13.40 

2.02 

S.05 

102.  &U 

2.18 

100,41 

101.09 
2.13 

99.49 

\      The  analysis  of  the  brown  variety  was  only  partial. 

The  Kthia  was  detenniTied  by  the  phosphate  metiiod,  while,  aa  in  the 
case  of  tbe  Aabum  material,  the  cssia  aad  rubidia  estimatioDS  are  merely 
approximative.  Tbe  actual  ratios  between  metal  and  oxygen  in  the  po- 
tassium group,  as  fouiid  iu  the  two  experiments  upon  the  white  lepido- 
lite,  are  subjoined: 


Metal 

Oiygen  

{KRbC8),0.. 


12.63 


10.91 
1.79 


The  fact  that  this  lepidolite  is  tho  richest  of  tbe  series  in  these  rare 
metala  becomes  doubly  interesting  when  we  remember  that  a  beryl  from 
tbe  same  or  a  nearly  adjacent  locality  gave  Penfield  1.66  per  cent,  of 
cjEsia.' 

Of  the  rose-red  clay,  previously  mentioned,  a  partial  analysis  was 
published  in  Bulletin  No.  9,  U.  S.  Geol.  Surv.  The  following  complete 
analysis  by  Mr,  Riggs  is  better,  and  shows,  in  spite  of  some  tittle  non- 
uniformity  of  composition  in  tbe  material,  that  it  is  to  be  classed  most 
definitely  as  cimolitc: 


AliO,  . 


ur.  Sd.  (Ill),  XXV,  i>,  iM.     Tho  Hcbrou  beryl  cootains  3.93 
(18) 
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FeO 18 

MnO 07 

CaO 42 

MgO , 33 

LiaO.... 29 

NagO .46 

K9O 18 

H,0 8.26 

F 06 

99.81 
Less  oxygen 02 


99.79 
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Foriuala,  A]2H4(  8103)5. 

It  is  not  easy  to  determine,  from  the  specimens  at  baud,  from  wliat 
species  this  clay  has  been  derived. 


DISCUSSION  OF  RESULTS. 

The  foregoing  analyses  of  the  Maine  iepidolites  cover  several  distinct 
types  of  the  mineral  from  five  diflferent  localities,  and  yet  they  indicate 
a  very  great  constancy  or  uniformity  of  composition.  For  convenience 
of  comparison,  we  may  tabulate  the  resnlts,  using  mean  values  whenever 
two  determinations  of  a  constituent  have  been  made.  Two  exceptions 
to  this  rule,  however,  have  been  adopted,  namely,  to  use  the  higher 
determinations  for  silica  and  the  lower  for  fluorine,  because  of  the  known 
direction  of  the  experimental  errors  in  the  analytical  processes.  Slight 
loss  of  silica,  when  fluorine  is  present,  is  difficult  to  avoid ;  and  so  also 
slight  imparities  in  the  calcium  fluoride  can  hardly  be  eliminated. 
With  these  qualifications  the  analyses  may  be  stated  as  follows : 


^iOi.. 

AbOi. 

F«iOs 

7eO... 

MbO. 

CaO.. 

MgO. 

I.I1O.. 
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4.20 
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11.38 
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1.96 
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102.38 
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99.74 
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Hebron, 
granular. 
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Norway. 
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White.   Brown. 
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With  this   Ubl«  may  be  ttdviititageoiisly   compared  the  followinf: 
aoalyseB  of  lapidolite  from  threu  toreign  localitfex  :^ 


KgO... 
tUi... 
JTmO-.. 


Few  other  lepidolite  aualjsea  are  worth  finotiiig,  escept  possibly 
'Oooper's  analysis  of  the  Rozenn  mineral,  io  which  he  fonnd  0.24  per 
cent,  of  rubidiii  mid  a  trace  of  cii'.si;i.'  The  t-sscntiiil  iilpiitity  of  the 
material  from  Maine,  Rozeiia,  and  Cornwall  is  thus  made  clear,  while 
the  lepidolite  from  Juschakova  in  different  in  its  large  perceota^  of 
manganese,  its  higher  fluorine,  and  its  trace  of  chlorine.  In  the  last 
named  mineral  of  course  the  manganese  replaces  an  equivalent  amonnt 
of  alumina,  and  the  function  of  chlorine  is  the  same  as  that  of  fluorine. 
In  the  other  analyses,  to  speak  in  general  terms,  the  water  and  fluorine 
vary  somewhat  reciprocally,  suggesting  the  ordinary  replacement  of  the 
latter  element  by  hydroxyl.  With  this  assamption,  if  it  may  be  called 
so,  the  formula  of  lepidolite  may  be  written  thus : 

Alj(Si03)3FtLiK ; 
a  formula  which  has  long  bad  geuernl  acceptance,  but  whicli  is  now  put 
upon  a  surer  basis  by  the  wider  range  of  analyses.     It  corresponds  to 
the  following  theoretical  composition  : 


I  SiOj 4a,18  ;  SiOi 

I  AlaOj.-.J  37.87  j  ALO, 

I  U,0  ....\  4.09  !  Li;0 

j  K,0 !  12.81  ;(j;aKRbCs).0. 

i  !■• I  9.84  [(F.H^O) 

'  See  Daiin'B  Syst^iii  of  Mincratog}-,  |i.  SI.'),  aud  Thir<l  Sujiploruout,  pp.  78,  79. 
-  Fogg.  AaO;  ]ip.  IIJ,  343. 
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48.  BO 

to  .11.52 

21.99 

to  2S.80 

3.87 

to  i.m 

12,07 

to  13.  C8 

C.69 

to  8.25 
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Most  of  the  variations  freni  theory  are  no  greater  than  we  should  ex- 
pect to  fiiid  them  with  material  so  difficult  to  secure  in  absolute  purity 
as  lepidolite.  The  granular  structure  of  the  species  is  peculiarly  favor- 
able to  the  presence  of  inclusions  of  foreign  matter,  such  as  albite,  for 
example,  to  which  latter  impurity  some  of  the  soda  found  in  the  anal- 
yses is  very  probably  due.  I'he  greatest  difference  is  in  the  case  of 
fluorine,  although  the  foreign  analyses — notably  Bammelsberg's  analy- 
sis of  the  Juschakova  mineral — contain  very  nearly  the  full  theoretical 
amount.  If,  however,  the  fluorine  is  present  in  the  univalent  group 
AIF3,  it  is  possibly  replaceable  in  part  by  the  similar  group  AlO,  a  sup- 
position which  easily  accounts  for  all  the  variations.  With  this  suppo- 
sition it  becomes  a  simple  matter  to  write  a  probable  structural  formula 
for  lepidolite,  as  follows : 

Si08-Al=Fi. 
AieSiO,  — K. 
SiOa-Li. 

Thus  the  mineral  is  regarded  as  a  definite  substitution  derivative  of 
the  normal  aluminum  metasilicate  Al2(Si03)3,  one  atom  of  Al  hav- 
ing been  replaced  by  the  three  univalent  factors  represented  above. 
Another  view  of  its  structure  is  given  at  the  close  of  this  paper. 

II.  THE  IRON   LITHIA  MICAS  OF  CAPE  ANN. 

In  the  granite  qtiarries  of  Kockport,  Massachusetts,  near  the  extremity 
of  Gape  Ann,  there  are  occasional  veins  of  feldspathic  character  which 
contain,  along  with  the  ordinary  constituents  of  such  veins,  the  rare 
minerals  danalite,  fergusonite,  cyrtolite,  amazon  stone,  and  certain 
remarkable  micas.  One  of  the  latter,  cryophyllite,  was  described  by 
Cooke  in  1867,^  who  also  analyzed  an  associated  ''  lepidomolane,"  to 
which  Dana  afterwards  gave  the  name  of  annite.  The  vein  from  which 
Cooke  obtained  his  material  was  long  ago  blasted  away  or  covered  up, 
but  other  veins  of  like  nature  are  still  accessible,  and  from  one  of  them 
the  micas  examined  in  this  laboratory  were  obtained.  They  were  col- 
lected for  the  United  States  National  Museum  by  the  original  discoverer 
of  the  locality,  Mr.  W.  J.  Knowiton,  and  were,  to  all  outward  appear- 
ance, identical  with  the  micas  described  by  Cooke.  The  analyses,  how. 
ever,  reveal  notable  differences  between  the  older  and  the  newer  mate- 
rial and  add  great  interest  to  the  micas  of  the  locality. 

In  the  collection  furnished  by  Mr.  Knowiton  two  micas  were  clearly 
recognizable,  the  one  a  dark  greenish  black  lithia  mica,  presumably 
cryophyllite,  and  the  other  a  black,  brilliant  lepidomelane.  In  some 
specimens  the  cryophyllite  formed  a  border  of  small  crystals  around  the 
broader  plates  of  annite,  precisely  as  in  the  association  of  lepidolite  and 
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muacovitoat  Auburn.  The  resemblauce  in  tJiis  point  is  curiously  strik- 
ing, only  that  the  Kockpoit  apecimens  are  leas  couspicuoas  than  those 
ftom  Auburn,  since  they  laek  the  contrast  of  color  by  which  the  latter 
are  characterized. 

TheIithiaTuica,orcryophyllite,  varies  considerably  in  external  chariie 
ter,  aud  three  well  marked  types  of  it  were  selected  for  analysis :  Hint, 
ihe  broadly  foliated,  brilliant,  blackish  green  mica,  which  showed  no 
trace  of  alteratiou  ;  secondly,  a  paler,  dull  green,  less  lustrous  variety, 
apparently  somewhat  altered  upon  the  surface;  thirdly,  an  aggrega- 
tion of  minute  six-sided  prisms,  bo  small  as  to  give  the  mineral  an  almost 
granular  appearance,  similar  to  a»  ordinary  dark  green  chlorite.  The 
analyses  were  made  by  Mr.  Riggs,  who  used  the  Gooeh  process  for 
BCparating  Hthia  and  Berzelius's  method  for  the  fluoriue.  The  results 
were  as  follows : 
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These  results  demonstrate  the  essential  identity  of  the  three  speci- 
menSy  bnt  do  not  sharply  correspond  i;?ith  the  figures  given  by  Cooke. 
In  mean,  using,  as  in  the  case  of  the  lepidolites,  the  maximum  silica  and 
minimum  fluorine  determinations,  they  may  be  compared  with  Cooke's 
analysis  as  follows : 


• 

Bifga. 

Cooke. 

SiO* 

51.86 

16.50 

2.98 

6.65 
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.04 

.07 

4.89 
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10.61 
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MnO 

CaO  
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LiaO 
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K,0 

HaO 
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8iF4    3. 42.  F,  2. 49 

Less  oxygen  .. . 

102.97 
.    2.98 

99.94 

1 

99.99 

It  will  be  seen  at  once  that  Cooke's  mineral  contains  only  about  one- 
third  of  the  fluorine  found  in  the  later  analyses  and  that  it  runs  nota- 
bly higher  in  silica  and  alkalies.  In  general  terms  the  same  mineral 
is  represented  by  both  analyses,  with  the  presumption  as  to  purity  in 
favor  of  the  specimens  examined  by  myself.  If  we  assume  that  Cooke's 
material  contained  a  slight  isomorphous  admixture  of  some  other  mica- 
ceous species  poor  in  fluorine,  the  most  important  difference  is  ac- 
counted for. 

Inasmuch  as  some  writers  have  been  inclined  to  identify  cryophyllite 
with  zinnwaldite,  a  comparison  of  the  two  species  may  be  instructive. 
The  published  analyses  of  zinnwaldite  vary  widely,  especially  in  the 
amounts  of  iron ;  but  the  older  fi'gures  are  subject  to  doubt  as  regards 
the  relative  proportions  of  ferrous  and  ferric  oxides.  Two  compara- 
tively recent  analyses  by  Berwerth  and  Eammelsberg.  however,  agree 
fairly  well  with  each  other,  although,  compared  with  former  determi- 
nations, they  run  low  in  iron.  The  comparison  between  the  analyses 
is  subjoined : 
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16.50 
3.98 
G.G5 
,31 
.U 
.W 
*.& 
.70 
10.61 
l.Sfl 
7.08 

45.  W 
a3.60 
.66 
11. 6t 
1.T5 

46.44 

81.84 
1.2r 

10.19 
1.67 

.18 
3,30 
.54 
10.58 
1.04 

?.ea 

3.28 

.43 

10.46 

.91 

7.94 
.08 

10a.<J7  1      10).  <8]              104.63  1 

'Zeit.  Krj-iil.  iiud  Min.,  II,  p, 535.  '-Seu  Tliinl  Supp.  lo  Dana'a  8y»t.  Utn.,p.  } 

itednccd  to  empirical  formiilii-.  these  aualyaos  giro  two  quite  differenr" 
ratios,  wliicb,  however,  do  not  admit  of  very  Bimplo  oxpreasion  i 

CrvoplivOite:  Ft.n,KiLi.Al.F.(SiOj),o; 

or,  Al,{SiO,)6F,EV 
ZiQQwaldito :  Fu3H,K,Li,AI,<Fi<SiO,)it ; 
or,  A1,CSlO,),F^E'.. 

The  further  cod  si  deration  of  these  formiiL-e  may  be  deferred  until  the 
latttT  portion  of  the  paper.  For  present  purposes  they  serve  to  show 
the  non-identity  of  the  two  minerals. 

For  the  lepidomelane,  or  annite,  of  Itockport,  quite  nnexpected  re- 
sults were  obtained.  The  material  analyzed  by  Mr.  Kiggs  was  black, 
trilliant,  broadly  foliate<l,  and  apparently  very  pure.  Upon  the  speci- 
mens examined  ssme  pnrple  flnorite  was  visible.  The  water  estima- 
tions were  directly  made  with  the  Gooch  tubulated  crucible. 
(24)    - 
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Annite. 

lliCgs. 

31.96 

3.42 

11.93 

H.06 

30.35 

.21 

.23 

.05 

Trace 

1.54 

8.46 

4.25 

Trace 

Cooke. 

SiO« 

TiOi 

39.55 

AlaOa 

16.73 

12.07 

17.48 

MoaOs          .  60 

Fe«0« 

FeO 

MnO 

CaO 

MgO 

.02 

.59 

Trace 

10.66 

1.50 

SiF4             .  62 

LiaO 

NaaO 

KflO 

HaO 

F..W 

100.46 

100.  42 

It  is  at  once  evident  that  two  entirely  distinct  micas  are  here  repre- 
sented, and  the  question  is  raised  as  to  whetber  the  Bock][)ort  granites 
may  not  contain  a  series  of  complex  isomorphons  mixtures.  Cooke,  in- 
deed, pointed  out  the  isomorphism  of  cryophyllite  with  the  lepidome- 
lane  which  he  had  analyzed,  and  showed  that  the  lithia  and  the'  fluor- 
ine in  the  latter  were  probably  due  to  admixtures  of  the  former.  We 
now  see  that  more  than  two  micas  are  involved  in  the  problem,  and  the 
difficulty  of  establishing  accurate  formulsB  for  the  several  species  be- 
comes enormously  increased.  For  the  present,  approximate  formulae 
only  can  be  assigned,  involving  various  assumptions  and  representing 
probabilities  rather  than  complete  interpretations  of  the  facts.  If  we 
unite  the  groups  Ti02  and  Si02  in  our  annite  and  regard  the  ferric  iron 
as  belonging  partly  with  the  alumina  and  as  partly  having  been  the 
result  of  oxidation  from  the  ferrous  state,  we  have  the  two  following 
general  formulsB  for  the  two  analyses  : 

Annite,  Cooke,  R'8Al4( 8104)5. 
Annite,  Riggs,  K'MA]2(Si04)6. 

For  the  latter,  the  equivalent  of  W  is  approximately  K2H4Fe"4 ;  and 
for  the  former  it  is  K2H2  Fe"2.  These  values  correspond  to  the  follow- 
ing percentage  compositions : 


SiO, 

AUG,.... 

FeO 

IvsO . .  •  .  . 
H,0 
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Cooke. 


39. 5 
26.8 
18.9 
12.4 
2.4 

100.0 


Rigge. 


36.6 
12.4 
35.1 
11.5 
4.4 

100.0 


WAtilllNCiioN    LAltOKATOliY.  [Niru.^^ 

Attutiticm  liHH  alriMuly  boeii  vulled  Uy  lite  fact  that  some  specimens  or 
oryopbyllito  are  bonler»  iipiiii  jilatos  of  aiiiiite,  preoiseJj  as  the  lepitlo- 
lite  of  Aubarn  ia  arraLged  about  naclei  of  muscovite.  It  accorditiKly 
becomes  qaite  probable  tbat  a  similar  relation  connects  the  two  pairs 
of  minerals,  and  upon  that  relation  the  formulie  eo  far  assigned  shed 
Bomo  light.  In  each  case  we  have  a  mineral  with  mctasilicate  ratios 
implanted  upon  an  ortbosilicate,  and  a  derivability  of  the  one  from  the 
other  is  strikingly  suggested.  Structural  analogies  also  appear,  for  in 
eaiili  pair  we  have  a  coniuiou  type  of  nucleus,  which  may  be  represented 
as  follows ; 

Muscovite  nucleus,  AlfSiO,),.        Aniiilo  tuickiis,  Ali(SjO,k 
Lcpidolito  niiclens.  AllSiO,),.         Crj-opli.vlUte  iiuEloa.s,  Alj(SiO.).. 

The  development  of  complete  structural  formula;  from  these  nuclei  is 
rendered  difficult  by  oar  ignorance  of  tbe  part  which  fluorine  plays  in 
80cb  compounds.  In  tbe  fonnula  previously  assigned  to  lepidolite  tbe 
fluorine  is  represented  as  combined  with  aluminum  in  the  univalent 
group  AlF,;  but  a  similar  representation  becomes  difflcnit,  if  not  im- 
possible, in  the  ca«e  of  tbe  two  iron  micas.  A  different  solution  of  tbe 
problem  mnst  therefore  be  sought,  and  it  probably  is  to  bo  found  by  an 
.  application  of  tbe  generally  recognized  principle  that  fluorine  and  by- 
drosyt  can  replace  each  other  isomorphoualy. 

If,  now,  we  start  with  ortbosilicic  acid  8i(OH)4  and  regard  the  hy- 
drosyl  groups  as  successively  replaceable  by  atoms  of  fluorine,  we  can 
conceive  of  a  series  of  acids  ranging  from  3i(OH)4  to  SiF^ ;  and  by  the 
aid  of  such  a  supposition  many  of  tbe  fluortferous  silicates  may  be  ra- 
tionally explained.  For  example,  tbe  acid  SiF(OII)a  maybe  considered, 
and  its  nucleus  SiFOs,  a  trivaleut  residue,  may  be  applied  to  the  dis- 
cussion of  tbe  lithia  micas.  Upon  this  supposition  the  empirical  for- 
mnlafor  cryophyllite,  AljFjSisOisR'e,  and  tbe  similar  formula  for  lepido- 
lite, AlaFiSijOsR'j,  become  curiously  significant,  especially  when  tbey 
are  written  out  in  contrast  with  two  other  formula?,  as  in  the  subjoined 
scheme : 

Muscovlle.                        Anuile  (Cooko).  Annile  (BIkbh). 

SiO.LzR'j                         .SiO.^Rj  SiO,=_-R', 

Al^SiO.  -  Al                   Al  ■'^SiO.  --  Al  Al  ^SiO. "  It's 

SiOh   .  Al                           SLO.L^R',  ,SLO,  =  R^ 

Al  eSiO.  =  Al  Al  ^SiOj  ji  R', 

SiOH  =  R'3  Si0,--R'3 

Lepidolilo.  Crjophjllile, 

,SiF03  =  R',  SiFO,=  R', 

■A-lfSiO,        \,,  Al^SiOj-R' 

^SiFO,      /^^  )siO, 

AieSi03-R' 
SiFOo=K', 

To  the  zinnwaldite.  as  represented  by  the  newer  analyses,  no  prob- 
able structure  is  assignable,  and  it  is  very  possibly  a  mixture  of  isomor- 
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phons  species.  Indeed,  the  old  analyses  indicate  great  variability  in  its 
composition,  and  it  needs  to  be  more  thoroughly  studied,  not  only  for 
itself,  but  also  in  its  relations  to  whatever  other  micas  may  be  asso- 
ciated with  it.  The  matter  of  association  can  qever,  in  the  study  of  the 
micas,  be  safely  neglected. 

Although  the  formulae  herein  assigned  to  annite  and  cryophyllite 
are  purely  provisional  and  approximative,  at  least  as  regards  the  val- 
ues ascribable  to  Wj  it  may  be  set  down  as  practically  certain  that  the 
ratios  between  the  sesquioxides  and  the  silica  are  correctly  given. 
These  ratios  are  the  ratios  of  phlogopite,  with  which,  therefore,  rather 
than  with  the  lepidomelanes  and  biotites,  the  Bockport  micas  are  chem- 
ically to  be  classed.  Zinnwaldite  is  already  so  classed  by  Tschermak 
and  others,  and  cryophyllite  falls  easily  into  the  same  category.  A 
typical  phlogopite  is  fairly  represented  by  the  subjoined  formula: 

.SiFO'  =  Mg 
Al^Si04=MgH 

Si04  =  Mg 
AleSi04Ei:MgK 

SiPOs  =  Mg 

(27) 
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THE   MINERALS   OF   LITCHFIELD    MAINE. 


By  F.  W.  Clauke. 


In  Keanebec  Oouiity,  Maine,  iilong  and  near  tlia  bouuilivry  bt'twecn 
the  towns  of  Litchfleld  nrui  West  Gardiner,  are  Bcatter«d  many  bowl- 
ders of  an  elieolite  rock.  For  mmiy  years  tlieao  have  yielded  to  collect- 
ors of  minerals  superb  BiiecimeDS  of  blue  sotlalite,  yellow  caucriuite, 
and  zircon;  bnt  althongli  the  pureut  lodge  appears  at  several  points, 
it  seems  nowhere  to  have  been  opened.  In  addition  to  the  minerals 
already  mentioned,  tho  bowlders  contain  albite,  lepidomelane,  a  black 
mineral  resembling  colunibite,  a  flesh  colored  mineral  A\'hicli  baa  been 
called  indiscriminately  elieolite  or  cancrinite,  and  a  massive  alteration 
product  known  to  local  collectors  under  the  provisional  name  of  "  white 
aodalite."  Althoogh  specimens  from  the  locality  are  widely  distributed 
in  cabinets,  some  of  the  minerals  seem  to  have  been  but  partially  de- 
scribed ;  and  I  have  therefore  thought  it  worth  while  to  stndy  them 
somewhat  closely.  The  supposed  columbite  I  have  not  examined,  for 
want  of  material ;  the  zircon  I  have  omitted,  since  it  has  Deen  sufB- 
ciently  studied  byGibbs;'  but  the  sodalite  and  cancrinite,  although 
they  hnd  been  well  analyzed  by  Whitney,'  I  have  include<l  in  my  in- 
vestigation, for  reasons  which  will  appear  below. 

EL^OLITE. 

This  species  occurs  abundantly  in  Litchfield  and  West  Gardiner  in 
characteristic,  dark  gray,  cleavable  masses  of  strong  greasy  luster. 
Since  it  is  the  typical  mineral  of  its  group  and  as  I  can  find  no  pub- 
lished analysis  of  it  from  this  locality,  the  following  results  may  have 
value  as  a  matter  of  record ; 

mo ee 

SiOj 43.74 

At.O, 3L48 

CaO Traco 

MgO Trace 

K,0 4.55 

Nft.O IC.B2 

100.25 
I  Togg.  Ann.,  LXXI,  !Aa.  -I'"Sg.  Ann.,  LXX,  4.11. 

SS  (28) 
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The  specimen  analyzed  contained  minute  inc^  ions  of  black  'mica, 
but  not  enoagli  of  them  to  notably  affect  its  composition.  The  analysis 
agrees  fairly  well  with  the  published  analyses  of  elaeolite  from  other 
X)laces. 

CANCBINITE. 

This  mineral  is  one  of  the  most  abundant  and  characteristic  at  the 
locality  and  varies  considerably  in  appearance.  Two  analyses  of  it 
were  made  by  Whitney,  one  of  the  yellow  variety,  the  other  of  a  green, 
ish  modification.  I  have  myself  seen  nothing  to  answer  to  the  latter 
description,  but  have  selected  three  typical  samples  for  investigation. 
They  may  be  briefly  described  and  indicated  as  follows : 

A.  Bright  orange  yellow,  with  strong  luster  and  cleavage,  transparent 

in  thin  fragments. 

B.  Dirty  pale  yellow,  less  lustrous,  highly  cleavable,  also  transparent 

in  thin  fragments. 

O.  Bright  yellow,  granular — the  commonest  variety. 

For  ease  of  comparison  I  have  tabulated  the  analyses  side  by  side 
with  Whitney's,  indicating  his  yellow  cancrinite  by  D  and  his  greenish 
variety  by  E.  The  carbonic  acid  determinations  were  made  for  me  by 
Mr.  B.  B.  Biggs,  who  used  the  Oooch  tubulated  crucible  and  collected 
the  gas  evolved  directly  in  a  potash  bulb. 


SiOt... 
AlaOi.. 
HntOs. 
FetOi.. 
CaO... 
KasO.. 
K«0... 
MgO.. 
H«0... 
COt... 


A. 


36.29 

30.12 

Trace 

Trace 

4.27 

19.56 

.18 


2.98 
8.9C 


100.36 


B. 


35.83 

29.45 

Trace 

Trace 

5.12 

19.33 

.09 


8.79 
6.50 


100.11 


C. 


37.22 

28.32 

Trace 

Trace 

4.40 

19.48 

.18 

.07 

8.86 

6.22 


90.70 


D. 


-Tk- 


! 


37.42 
27.70 

.86 

8.91 

20.98 

.67 


2.82 
6.96 


100.81 


£. 


37.20 
27.50 

.27 

6.26 

20.46 

.56 


8.28 
6.92 


100.68 


It  will  at  once  be  observed  that  cancrinite  A,  which,  from  its  appear- 
ance, was  presumably  the  purest  type  of  the  mineral,  is  the  highest  of  my 
series  in  carbonic  acid  and  the  lowest  in  water.  It  is  also  the  highest  in 
soda  and  alumina.  Whitney^s  two  analyses  show  more  potash  than 
inine,  but  in  other  respects  run  fairly  near  C,  which,  as  I  have  said, 
represents  the  commonest  and  probably  the  least  pure  variety.  But, 
in  order  to  understand  the  variations  better,  we  must  consider  the 
flesh  colored  mineral  referred  to  in  my  introductory  paragraph,  which, 
as  I  have  said,  has  been  called  indiscriminately  elseolite  or  cancrinite, 
according  to  the  fancy  of  the  collector.  It  sometimes  occurs  in  speci- 
mens of  considerable  size,  is  lustrous  and  cleavable,  and  to  the  eye  a^< 
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jiears  perfectly  botnogeuuoQs.     Au  aualysis  gave  the  iollowiog  re«alts, 
,    the  carboDic  acid,  as  in  the  other  ciises,  being  iletermiDe<l  by  Mr.  I 

§8iO, SS.IB 
AI,0, 32.58 
CiiO 2.47 
NbjO 17.02 
K,0 3.23 
HaO 2.83 
CO, a.^ 

K).95 
These  figures  plainly  indicate  that  the  mineral  is  a  mixture  oTelfvo- 
lit«  and  cancrinite,  but  do  not  show  whether  the  mixture  is  mechanical 
or  due  to  isomorphism.  To  determine  this  poitit,  Mr.  J.  S.  DUlcr  kindly 
nndertook  a  microscopic  examiuatiou  of  the  material,  comparing  it  iu 
thin  sections  with  the  elteolite  and  cancrinite  B,  from  the  specimens 
of  which  portions  were  previously  analyzed.  He  fonnU  the  mineral  to 
be  a  merely  mechanical  counningliug  of  the  two  species,  in  nearly  eqnal 
proportions,  and  later  he  succeeded  in  separating  them  by  means  of 
Sonstadt'a  solution.  This  fact,  considered  together  with  the  apparent 
homogeneity  of  the  material,  renders  it  probable  that  the  variations  in 
composition  of  the  cancrinite  are  due  to  small  admixtures  of  elieotite, 
and  that  Whitney^s  specimens  wera  rather  more  so  contaniinated  than 
mine.  Stdl,  the  entire  series  of  cancrinite  anal.V8e8  are  fairly  concord- 
ant and  confirmatory  of  one  another.  In  discussing  the  formula  of  the 
mineral  however,  analysis  A  will  be  given  preference. 
SODALITE. 

On  account  of  its  beauty  and  its  intense  blue  color,  this  mineral,  as 
it  occurs  at  Litchfield,  is  a  favorite  among  collectors.  It  is  now  some- 
what scarce,  at  least  in  large  or  compact  specimens,  and  it  ought  to  be 
carefully  searched  for  in  place.  It  often  ocxjurs  intermingled  with  can- 
criuitfi,  forming  beautifully  mottled  masses,  and  also  is  associated  inti- 
mately with  the  white,  massive  alteration  product  to  be  described  later. 
The  following  analysis  was  made  partly  for  comparison  with  Whitney's 
and  partly  to  aid  in  the  study  of  the  accompanying  white  mineral : 


Ctstlie. 

Whitney. 

37.33 

31.87 

37.30 
.32.88 

23.86 
.69 
U.97 

37.63 

24. 5e 
.10 

e.83 

1.07 

29:48 
Undet. 
Undet. 

101.76 
1.54 

101.60 

100.22 
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In  my  analysis  iron  was  not  looked  for,  becaase  the  ignited  alumina, 
which  shoald  have  contained  it  if  present,  was  perfectly  white.  Other- 
wise the  analyses  agree  tolerably  well. 

HYDEONEPHELITE,  A  NEW  SPECIES. 

Intimately  associated  with  the  sodalite  is  the  white  alteration  prod- 
uct mentioned  in  the  last  paragraph.  So  close  is  the  association  in 
fact  and  so  similar  in  occurrence  are  the  two  minerals  that  the  latter 
has  been  called  white  sodalite  by  the  local  collectors.  Like  the  soda- 
lite  it  ia  found  in  seams,  and  yields  specimens  as  much  as  two  centi- 
meters in  thickness;  it  is  white,  lusterless,  and  has  the  fracture  of  so- 
dalite, and  probably  it  originated  from  the  alteration  of  the  latter. 
Two  specimens  of  it,  received  from  two  different  collectors,  were  ana- 
lyzed, with  the  following  results: 


A. 

B. 

HaO 

13.12 

38.90 

33.98 

.05 

13.21 

1.01 

Trace 

13.30 
39.24 
33.16 
Trace 
13.07 
.88 

SiOa 

AlaOa 

CaO 

NasO 

K3O 

CI 

100.27 

99.65 

The  alumina  carried  a  trace  of  iron,  and  a  doubtful  trace  of  manga- 
nese was  also  indicated;  hardness,  4.5;  fusible  easily  to  a  white 
enamel;  soluble  in  hydrochloric  acid  and  gelatinizing  upon  evapora- 
tion ;  fracture  irregular,  resembling  that  of  the  sodalite.  In  general, 
the  mineral  may  be  said  to  have  the  appearance  of  a  slightly  altered 
feldspar,  minus  the  distinct  cleavage. 

These  analyses  left  little  doubt  in  my  mind  that  I  had  a  new  mineral 
to  deal  with,  and  one  belonging  to  the  zeolite  family.  Such  minerals 
are  well  known  derivatives  of  the  nephelite  group,  and  thomsonite  and 
uatrolite  have  especially  been  often  noted.  In  composition  the  new 
product  differs  distinctly  from  uatrolite,  but  agrees  in  ratios  approxi- 
mately with  thomsonite;  forming,  so  far  as ''chemical  evidence  alone 
goes,  the  soda  end  of  a  series  passing  through  rauite  up  to  ozarkitc, 
the  last  named  mineral  being  the  nearest  towards  the  lime  end  of  the 
series.  A  comparison  of  the  analyses  of  these  elaeolite  derivatives  is 
worth  making,  on  account  of  its  suggestiveness.  The  ozarkite  was 
analyzed  by  Smith  and  Brush;  the  rauite,  from  Brevig,  by  Paykull.^ 

1  Ber.  deatscL.  chein.  Gesell.,  VII,  p.  1^^. 

(31) 


,  WASHINGTON    LAHOHATDBY. 


CUHklla 

Kanita. 

.».. 

H.0 

810. 

....  1J.S0 
....      36.^ 

39.1(1 
ai.TD 
.67 
5.07 
11.S5 

13.  Vi 
38.00 
33.  IW 

13.21 

1.01 

100.  SI 

CnO 

Na,0 

....  13.95 
....       3.B1 

i)Q.4tJ 

90.00 

'  InaBinucb,  however,  an  massive  minerals,  ami  especially  those  which 
I  we  produced  by  nroccssca  of  arteratioii,  are  always  subject  to  doubt,  I 
requested  Mr.  Diller  to  assist  me  with  a  microscopic  cxamioation  of 
^  the  new  snbstanco.  lie  very  kindly  acceded  to  my  request,  and  I  sub- 
join aa  abstract  of  his  results.  In  his  report  on  it  he  says: 
f  "A  section  was  carefully  prepared  bo  as  to  show  both  the  sodalite  and 
^.  the  whita  lasterless  mtucrul  associated  with  it  in  such  a  way  as  to  ru- 
I  veal  their  relations.  The  iicconipnnying  figure  illustrates  a  small  por- 
,  tiou  of  the  Boction  as  seen  niider  tlie  microscope.  ^^M 


Fia.  3.  Panion  ot  tblo  section  uf  hyilronepliollto. 


"The  unaltered  sodalite  (t)  is  quite  irregular  in  form,  so  that  the  posi- 
tion of  the  section  with  reference  to  the  crystal  lographic  axes  could  not 
bo  determined.  Although  of  a  distinct,  cobalt  blue  color  in  the  small  tmg- 
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meDty  it  appears  colorless  and  transparent  in  the  thin  section,  and  un- 
der the  microscope  it  is  seen  to  contain  nnmeroas  liquid  inclusions.  It 
is  penetrated  by  many  irregular  fissures,  which  are  enlarged  in  the  proc 
ess  of  alteration  and  filled  with  its  clouded  products.  The  extremely 
irregular  line  between  the  sodalite  and  its  secondary  products  is  well 
defined  in  transmitted  light,  but  is  even  more  distinct  between  crossed 
nicols  from  the  fact  that  the  sodalite,  being  isotropic,  remains  dark  in 
all  positions,  while  the  other  minerals  are  more  or  less  brilliantly  col- 
ored. The  secondary  products,  which  have  clearly  resulted  from  the 
zeolitization  of  the  sodalite,  are  two  in  number.  One  of  them  forms  very 
much  the  larger  portion,  probably  nearly  90  per  cent,  of  their  total 
amount,  and  the  other  is  embedded  in  the  first  in  the  form  of  distinct 
grains.  Under  the  microscope  in  transmitted  light  the  predominating 
mineral,  which  is  doubtless  a  zeolite  as  shown  by  your  analyses,  is  more 
or  less  deeply  clouded,  fike  decomposed  feldspar.  Between  crossed  nic- 
ols it  breaks  up  into  flaky  grains,  which  vary  considerably  in  the  inten- 
sity of  their  color;  some  remain  dark,  others  range  through  light  and 
medium  tints  of  red  and  yelloi^,  according  to  the  position  of  the  sec- 
tion. The  isotropic  grains  in  converging  lightare  proved  to  be  distinctly 
uniaxial  and  positive,  and  the  anisotropic  ones,  so  far  as  can  be  deter- 
mined, exhibit  parallel  extinction.  It  is  evident  therefore  that  the  zeo- 
lite must  be  either  quadratic  or  hexagonal  in  the  system  of  its  crystal- 
lization. Some  of  the  grains  show  an  indistinct  striation  approximately 
parallel  to  the  vertical  axis,  but  a  distinct  cleavage  conld  not  be  dis- 
cerned. In  basal  sections  three  sets  of  fractures  conld  be  rarely  made 
out  with  sufficient  distinctness  to  suggest  that  the  mineral  is  probably 
hexagonal.  The  mode  of  its  occurrence  indicates  clearly  that  it  has  re- 
sulted from  the  zeolitization  of  the  sodalite,  a  phenomenon  which  has 
been  observed  in  many  rocks.  The  small  grains  of  the  other  secondary 
mineral  are  so  intermingled  with  the  uniaxial  zeolite  as  to  indicate  that 
both  are  derived  from  the  sodalite.  They  are  easily  distinguished  from 
the  zeolite  in  which  they  are  embedded.  In  transmitted  light  they  are 
I)erfectly  clear  and  transparent,  with  so  high  an  index  of  refraction  as 
to  appear  to  rise  above  the  surroimdiiig  mass.  The  grains  are  entirely 
without  crystallographic 'boundaries,  but  are  traversed  by  distinct 
cleavage  lines.  Between  crossed  nicols  they  are  much  more  brilliantly 
colored  than  the  associated  zeolite,  and  if  the  section  is  rotated  they 
become  dark  when  the  cleavage  lines  make  a  prominent  angle  (150-^o) 
with  the  principal  sections  of  the  prisms.  The  mineral  is  certainly  bi- 
axial, and  in  all  probability  belongs  to  one  of  the  two  inclined  systems 
of  crystallization,  but  its  definite  determination  is  not  practicable  under 
the  circumstances." 

In  view  of  the  presence  of  an  impurity  in  the  new  zeolite,  Mr.  Diller 

suggested  a  reanalysis  of  it  to  be  made  on  carefully  purified  material* 

The  purification,  by  means  of  Sonstadt's  solution,  he  kindly  undertook, 

determining  at  the  same  time  the  specific  gravity  of  th  e  mineral,   TUc\ 
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orudo  material  gave  Mm  a  sp.  gr.  of  2.263,  while  the  zeolite  was  a  liltUi 
lighter  and  the  embedded  graiiiB  were  a  little  heavier.  After  pnrifica- 
tion  the  coarsely  powdered  zeolite  was  ojirefully  picked  over  under  the 
microscope  until  Mr.  Biller  felt  conBdeat  that  the  snm  of  all  impnritieH 

:  could  uot  exceed  1  per  cent.    The  mineral,  then  dned  at  lOiP,  gave 

[  me  the  following  analytical  results : 


n,0 12.91 

SiO, 3B.» 

AliOa aa,e; 

CaO v. 

Ka,0 13.cr 

K,0 l.li 


yo.v. 


These  figures  confirm  the  previous  analyses  anu  show  that  tbe  impa- 
rity which  vitiated  them  must  have  been  small  iu  amount  and  similar  in 
composition  to  the  new  zeolite.    The  latter,  I  think,  may  be  considered 

I  as  fairly  well  established,  and  its  formula  may  be  written  Alj(SiO(]j 
lTa,H,3H,0,  which  roqnires,  water,  13.76;  soda,  13.54;  alumina, 33.41, 

;  and  silica,  39.29.    This  composition  and  the  manifest  relations  of  the 

iJDineral  to  nephelite,  the  parent  member  of  the  group,  naturally  suggest 
Jbr  it  the  name  hydronephelite,  which  seems  to  be  both  appropriate  and 
descriptive.  Chemically,  »s  i  hare  already  observed,  the  species  ap- 
proxiujatea  to  a  soda  thomsonilc,  but  optically  it  appt'iirs  to  be  quite 
different.  This  fact  snggests  the  desirability  of  a  careful  microscopic 
re-examination  of  all  the  other  massive  zeolitic  alterations  of  elfeolite 
which,  on  analytical  grounds,  have  been  referred  to  the  thomsonite  se- 
ries. Hydronephelite,  indeed,  is  directly  dei^ved  from  sodalite,  but  the 
latter  itself  probably  originated  from  elieolite ;  so  that  the  new  species 
may  qnite  properly  be  considered  along  with  the  other  zeolites  which 
were  previously  mentioned.  The  fact  that  it  contains  more  potassium 
than  the  sodalite  is  noteworthy  and  calls  for  an  explanation  wMob  I 
am  unfortunately  not  prepared  to  offer. 

ALBITE   AND   LEPIDOMBLANB. 

The  albite  of  Litchfield,  which  appears  to  be  associated  with  other 
undetermined  feldspars,  is  mostly  in  obscure  masses.  Occasionally  a 
fragment  is  found  with  a  translucent  cleavage  surface  one  or  two  cen- 
timeters broad.  Such  a  specimen  was  partially  analyzed,  giving  H,0 
0.52,  SiOi  66.39,  Al^Oj  19.U9,  K,0  0.99,  Na,0  10.17.  These  figures  serve 
only  for  complete  identification  of  the  species. 

The  lepidomelanc  exists  abundantly  in  the  elotolite  rock,  but  mostly 
in  small  blark  scales.  Sometimes  tolerably  large  plates  of  it  are  found, 
black  and  brilliant,  decidedly  brittle,  and  apparently  affected  by  altera- 
(34) 
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tion.    An  analysis  gave  the  following  results.    The  iron  determinations 
were  made  by  Mr.  Biggs  : 

HaO 4.62 

F None 

TiOa None 

SiOj 32.09 

AlaOs , 18.52 

FegOa 19.49 

FeO 14.10 

MnO L42 

MgO 1.01 

KaO 8.12 

Na«0 *, 1.56 

100.92 

This  analysis  is  noteworthy  on  account  of  the  extremely  low  percent- 
age of  silica,  which  is  approached,  so  far  as  I  can  ascertain,  only  in  an 
analysis  by  Bammelsberg  of  a  black  mica  from  Brevig.  The  ration  be- 
tween silicon  and  oxygen  is  nearly  1  to  5,  which  agrees  with  no  known 
formula.  My  results  make  it  extremely  probable  that  the  mica  is  a 
mixture  and  that  it  has  undergone  an  alteration  tending  toward  the 
ultimate  development  of  some  chloritic  species.  Still  it  deserves,  as 
also  do  the  feldspars  of  the  locality,  a  more  thorough  examination. 

DISCUSSION  OP  FORMULA. 

In  attempting  to  discuss  the  formulsB  of  cancrinite,  sodalite,  and  hy- 
dronephelite,  certain  points  should  be  carefully  borne  in  mind.  First, 
the  three  species  must  be  considered,  not  independently,  but  relatively 
to  one  another,  for  all  the  evidence  indicates  for  them  a  common  origin. 
That  origin  is  from  the  first  member  of  the  group,  elseolite  or  nephelite, 
the  empirical  formula  for  which  has  been  finally  fixed  by  Bauff.^  In 
partially  rational  form  it  may  be  written  Na8Al8(Si04)7(Si03)2,  ignor- 
ing the  small  replacement  of  sodium  by  potassium,  which  has  been  shown 
by  synthetic  investigations  to  be  non-essential.  Not  only  does  the  mode 
of  occurrence  and  association  of  the  minerals  point  to  community  of 
origin,  but  the  same  conclusion  is  emphasized  by  the  experiments  of 
Lemberg  ^  upon  the  artificial  alteration  of  silicates.  When  elaBolite  from 
Fredriksv&m  was  digested  one  hundred  and  eighty  hours  with  a  solu- 
tion of  sodium  carbonate,  a  partial  transformation  into  a  «oda  cancrinite 
was  effected,  while  a  digestion  of  six  months  with  a  caustic  soda  solu- 
tion containing  sodium  chloride  gave  a  product  identical  in  composition 
with  sodalite.  Many  such  experiments  were  tried  by  Lemberg,  yielding 
a  large  class  of  similar  results.  His  method  oT  procedure  probably  did 
not  give  absolutely  pure  or  definite  compounds,  and  yet  his  researches 


^  Zeitachr.  Kryst.  nnd  Min.,  II,  p.  445. 

sZeitsohr.  deotsch.  geol.  Gesell.,  XXXV,  p.  557, 1883. 
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fiimisb  evidcDco  of  great  value  iu  discussing  Ibv  i-lioiriii-al  stnictnre  of 
many  miuerala. 

The  taking  up  of  sodium  chloride  bj"  elicolite,  both  In  tlie  dry  and  In 
the  wet  way,  lias  also  beeu  observed  by  Ko(;lj.'  The  easy  alterabllltyof 
elieolite,  therefore,  may  be  regarded  as  a  point  thnroiiglily  e^tablisbod 
and  to  be  tatceu  into  account  in  all  diacussiou  of  it  and  it^  congeners. 

If  we  compare  the  published  analyses  of  cancrinlte  from  ditfereut  lo- 
calities we  shall  find  that  they  vary  in  two  ways.  Flrat,  there  are 
Tarlatious  which  are  probably  due  to  admixtures  of  eliieolite,  such  as  1 
bare  shown  to  occur  at  Litchfield ;  and,  secondly,  the  ratio  between  the 
lime  and  the  carbonic  acid  ranges  between  rather  wide  limits.  In  the 
oancrinite  from  Miask,  the  two  are  about  equivalent,  while  the  Litch- 
field mineral  contains  only  half  enough  calcium  to  saturate  the  carbouio 
acid.  The  lime  and  soda,  however,  vary  reciprocally,  so  thiit  when  one 
Is  high  the  other  is  low ;  and,  furthermore,  the  experiment  quoted  from 
liemberg  goes  to  show  that  a  cancrinite  may  exist  containing  no  lime 
■whatever.  If  this  conclusiou  be  correct,  then  the  carbonic  acid  of  the 
minernl  must  be  represented  as  linked  with  aluminum,  a  supposition 
Vbich  finds  some  justification  in  the  existence  of  the  rare  B[»eoies  daw- 
M>uit«.  The  function  of  water  in  cancrinite  remains  doubtful ;  if  it  l)e 
legarded  as  water  of  crystallization,  the  formula  of  the  residue  becomes 
lees  easy  to  write  intelligibly ;  but,  if  itformsapartof  tbeatomicstmct- 
Bre,  it  is  almost  necessary  to  represent  the  carbonic  acid  as  orthocar- 
bonic  iu  the  group  (.'O,.  This  mode  of  coiisiik'nilioii,  ns  will  jippcar 
later,  leads  to  a  simple  general  formula  for  cancrinite,  covering  all  varia- 
tions in  composition  except  such  as  are  due  to  impurity  and  correlating 
the  mineral  with  the  allied  species  sodalite  aud  nosean.  For  the  Litch- 
field mineral  the  following  special  formula  may  be  written,  giving  the 
theoretical  composition  iu  the  columu  below:  Ala(SiOi)8(CO,),CaN"aaHs- 


Found. 

SiO, 

3D.  83  to  37.  K 

3:..  3 

AI.O, 

28. 32  to  30.  V2 

30.  G 

Na,0 

13.3;l  lo  lU.&G 

lao 

CaO 

4. 27  to    G.  12 

4.Q 

H,0 

•2.  ys  U>    3.  t-0 

4.1 

In  this  case  the  water  as  found  is  slightly  lower  and  the  soda  slightly 
higher  than  the  calculated  values,  which  is  probably  ascribable  to  the 
mutual  replaceability  of  sodium  and  hydrogen, 

'  Neues  Jahrb.,  IJcil.  Uii.  I,  -p-  IWj  1»^1- 
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The  formuLi  commoDly  accepted  for^odalite,  and  the  one  which  is  cer- 
tainly the  simplest,  is  that  deduced  by  Bamberger'  from  his  analysis  of 
the  mineral  from  Tiahuanuco.  Written  empirically,  this  formula  is  Nas 
Al4(  3104)401,  which  requires  considerably  less  chlorine  than  has  ordi- 
narily been  found  in  the  species.  In  Bamberger's  analysis,  as  finally 
corrected,  he  obtained  5.54  per  cent,  as  against  nearly  7  per  cent,  in 
Whitney's  determinations.  The  difference  he  ascribes  to  silica  in  the 
chloride  of  silver,  as  weighed  by  other  analysts ;  and  yet  in  my  own  es- 
timation every  care  was  taken  to  eliminate  such  impurity,  and  my  re- 
sults confirm  the  older  figures.  Still,  both  figures  have  theoretical  inter- 
est, as  will  be  seen  further  on;  and  I  am  inclined  to  believe  that  the 
Bolivian  mineral  was  more  nearly  typical  than  that  from  Litchfield.  To 
the  latter  we  may  assign  the  empirical  formula  NagAl7(SiO4)70l3,  which 
is  directly  derivable  from  the  formula  for  nephelite  and  which  agrees 
quite  sharply  with  the  analyses. 

We  now  have  three  empirical  formulaB  ready  for  comparison  side  by 
sid^,  as  follows : 

Nephelite ^ Ala(Si04)7(Si03>iNas 

Cancrinite  (Litchfield) Al8(8i04)8(C04)«CaNa8H6 

Sodalite  (Litchfield) AlT(8l04)7CliNa« 

These  may  easily  be  put  into  structural  form  by  an  application  of  the 
principle  suggested  in  a  former  paper,'  that  orthosilicates  containing 
aluminum  are  to  be  represented  as  substitution  derivatives  of  the  nor- 
mal salt  Al4(Si04)3.  The  latter  contains  the  fundamental  nucleus 
Al(8i04)3,  which  appears  to  be  capable  of  a  sort  of  polymerization,  and 
which  forms  the  basis  of  the  subjoined  symbols : 

SiOs—  Na  CI  CO4  S  NaH, 

Al^Si04=Al  Al^Si04=Al  Al^Si04=Al 

Si04=Na.  Si04=Na«  .8i04=Na, 

AlAi04=Al  Al^Si04=Nas  A1^8i04=Al 

)si04=N;i,  '^Si04=Naa  Si04=NaH 

A1^8i04=Al  Al^Si04=Al  • 

Si04=Na^  Si04=Na,  1' 

All^Si04SAl  Al^Si04^Al  8i04=NaH 

^SiC-Na  ^Cl  Al^Si04=Al 

^Si04=Na« 
Ai^Si04=Al 
^C04=NaH, 
Nephelite.  Sodalite.  Cancrinite. 

Now,  although  these  formulae  fit  the  analyses  and  express  a  structural 
similiarity  of  type,  two  of  them  are  capable  of  a  further  generalization. 
Eemembering  the  reciprocal  variations  between  soda  and  lime  in  dif- 
ferent cancrinites  and  the  fact  that  a  soda  cancrinite  is  quite  pos- 

•  Zeitschr.  Kryst.  und  Min.,  V,  p.  581. 

*  Topaz  from  Stoneham,  Maine,  Bull.  U.  S.  Geol.  Surv.  No.  27. 
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Bible,  we  may  write  the  following  geiifiiil   I'oimulji  for  that  siiecioH: 
Al4(SiO,),CO,Na»H,;  whicL  requires 

[  810, 35.8  ^M 

i  Al,0, 30.4  ^H 

^  N«iO  (partly  replaceable  by  CaO) 23.1  ^H 

'  r.n. fi  fi  ^* 


H,0 ' 

I  Comparing  this  with  Batnberger'a  sotlalite  formala,  and  with  the  gen- 
erally accepted  formula  for  noseaD,  we  have  this  remarkable  eerieti 
<  struotaral  expressions : 


SO,— Nn  .CI  CO,=NaH, 

Al^SiO^AI  *1^8iO.=  AI  AI'^iO^Al 

^SiO^Na,  SiO,=  Na,  >iO.=  N«, 

Al^iO.=  AI  AlfStOjsAl  A1^8iO,=  AI 

NoMao.  SndaliU.  CancriniU. 


1 


I  The  formala  of  h»u  jnite  of  course  redaces  to  the  same  type,  and  bo  aUo, 
,  probably,  does  that  of  microsommit«.  Hydronephelite  has  a  still  sim- 
pler formula,  which,  however,  includes  three  moleculoa  of  water  of  crys- 
tallizatiou.  It  may  be  advantageously  compared  iu  series  with  it« 
J  pareut  minerals,  in  which  case  we  have  the  following  set  of  etructi 


1 


'  Al^SiO^sA! 

>i04=  Nn,  Ci. 

Al  AiO,=Al  Al^i0.s  Al  8iO^  Nft,H  * 

\iO,=  Nfl,  ";SiO.=  Nu..  Al^SiO,=  Al 

A!^iO,sAl  A1^3iO.=  Al  ^SiO,=  AI 

\SiO,=  Nii:  SiO.=  KMj  +:!  H4O 

AlAiO^Ai 

^SiO,—  Na 
Nepfaetite.  Sodalite.  Efdnmopbelite. 

These  formulie  express  with  decided  clearness  the  natural  order  of 
transition  from  one  species  to  another.  The  alteration  of  a  mineral 
necessarily  involves  the  passage  from  a  leas  stable  to  a  more  stable  con- 
dition; and  iu  this  instance  we  observe  precisely  that  state  of  affiairs. 
From  a  quite  complex  and  therefore  easily  diaturbod  molecule,  through 
an  intermediate,  simpler  compound,  we  pass  to  one  which  is  simplest  of 
all,  and  hence  presumably  the  most  stable.  I  do  not  deny  that  snch 
formula  are  subject  to  criticism  and  that  possibly  the  advance  of  knowl- 
edge may  brush  them  to  one  side;  and  yet  I  feel  justified  in  cLuming 
that  they  have  some  real  value  in  the  co-ordiuation  of  observed  &cts, 
and  that,  through  their  singular  suggestiveness,  they  assist  in  the  prose- 
GutioD  of  research. 
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By  F.  W.  Olabke  and  J.  S.  Dillee. 


At  Los  Gerillos,  New  Mexico,  aboat  twenty-two  miles  southwest  of 
Santa  F6,  are  mines  of  tarqaoise  which  have  been  worked  for  centuries. 
The  locality  has  been  repeatedly  described^  from  archaeological  and 
geological  points  of  view^  bat,  so  far  as  we  are  able  to  ascertain,  the 
tarqaoise  itself  has  neyer  been  folly  analyzed,  nor  has  it  been  subjected 
to  complete  microscopic  study.  Having  at  our  disposal  a  very  full 
suite  of  specimens,  collected  daring  the  summer  of  1885  by  'ilaj.  J.  W. 
Powell,  Director  of  the  United  States  Geological  Survey,  we  have 
thoaght  it  desirable  to  investigate  the  subject  more  thoroughly,  and 
to  present  our  results  in  such  a  form  as  to  render  them  readily  com- 
parable with  the  published  data  concerning  turquoise  from  other  locali- 
ties. 

The  turquoise  occurs  embedded  in  its  matrix,  sometimes  in  nodules, 
oftener  in  seams  or  veins.  It  varies  in  color  very  widely,  ranging  from 
a  pure  sky  blue  through  many  shades  of  bluish  green  and  apple  green 
to  dark  greens  which  show  no  blue  whatever.  The  dark  green  nodules 
often  shade  off  to  nearly  white  at  the  center,  sometimes  resembling  in 
structure,  as  Blake  has  observed,  certain  varieties  of  malachite.  Many 
of  the  specimens  are  seamed  or  streaked  by  limonite,  which  has  been 
derived  from  accompanying  pyrite  ]  and  the  latter  mineral  occasionally 
is  foundi  bright  and  unaltered,  inclosed  completely  in  masses  of  clear 
blue  turquoise. 

For  analysis,  three  samples  of  turquoise  were  selected,  representing, 
as  nearly  as  possible,  the  most  definite  types  of  the  mineral.  They 
may  be  summarily  described  as  follows : 

A.  Bright  blue,  faintly  translucent  in  thin  splinters. 

B.  Pale  blue,  with  a  slightly  greenish  cast,  opaque  and  earthy  in  luster, 
and  of  sp.  gr.  2.805.  Blake  giv  es  the  density  from  2.426  to  2.651  for 
the  green  variety. 

G.  Dark  green,  opaque. 

» W.  p.  Blake,  Am.  Jour.  Sci.  (II),  XXV,  p.  227, 1858.  J.  S.  Newberry,  Report  of  the 
Exploring  ExpeditioQ  from  Santa  F^  to  the  Colorado,  &c,,  1859  (Macomb's  Ezpedi- 
tioD).    B.  Silliman,  Jr.,  Am.  Jour.  Sci.  (Ill),  XXII,  j>.  67, 18bl. 
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AualyetH  A  is  not  (|iitto  comtilete,  Tor  eDongh  material  could   not 
lie  obtained  iit^itboiit  tlie  destruction  of  too  valuable  specimens.     Th^ 

.silica  in  it  was  due  to  traces  of  admixed  roub,  from  vc  bich  the  material 
could  not  well  be  perfectly  freed.    C,  however,  was  free  from  rock,  and 

.the  silica  iu  it  must  be  acconuted  for  otherwise.  Sillimau  rejiortB  the 
turquoise  as  containiug  3.81  of  copper,  which  corresponds  to  4.78  of  CuO 

Tbnt  he  gives  no  other  quantitative  data. 

In  attempting  to  discnss  these  results,  it  will  be  well  to  compare  tbcui 

<  vith  threeotlier  published  analyses  of  turquoise  from  different  localities. 

:First,  we  have  the  dgui-es  given  by  Church'  for  the  well  known  variety 

I  from  Persia;  secondly,  the  analysis  by  0-.  E.  Moore'of  tarquoiBepsendo- 
morplionsanrrapatite,  fromTiiylor'sRiiHch,  Fresno Couuty,  California; 
and,  thirdly,  S'ikolaiefPs'  data  concerning  the  mineral  ftom  Karalinsk 
in  the  Kirghiz  Steppes.     These  analyses  may  be  tabul»t«d  as  follows: 


r„,.. 

Clifornin. 

KarnliuBk. 

10.  OH 
2.99 

18.60 
X..79 

3.ria 

MnO '                .36 

CnO 1              5.27 

r.0o 1         :w.nc 

7.eo 

33.21 

7.67 
24.42 

100.  all  1         99.or> 

100.  ou 

These  analyses,  leaving  temporarily  out  of  account  that  of  the  dark 
green  variety,  agree  well  with  one  another  in  their  atomic  ratios.     Divid- 

'Cbureli,  Clifm.  Nuws,  10,  p.  290;  Daiia'aSyat.  Mlu.,  p.  5ijl. 
sZopharovicli  ami  Moore,  Zeitaeli.  Kryst.  und  Min.,  10,  p.  240. 
'In  n  paiwr  liy  Kokscharoff,  Nouea  Jalirb.,  1830,  I,  Ref.,  10. 
(40) 
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ing  the  percentages  by  the  proper  molecular  weights  and  treating  the 
bases  together,  the  following  ratios  appear : 


Total  base. 

P«0.. 

.225 
.231 
.231 
.234 
.242 

HsO. 

New  Mexico,  A.... 

New  Mexico,  B 

Persia. . ...-« 

.468 
.479 
.492 
.470 
.47Q 

1.100 
1.089 
1.075 
1.110 
1.033 

Califomia 

Karaliiisk 

In  each  case  the  base  stands  to  the  acid  in  a  ratio  very  slightly  in 

excess  of  two  to  one,  and  that  excess  may  fairly  be  accounted  for  upon 

the  snpposition  that  it  represents  a  trifling  admixture  of  limonite.    The 

water  is  present  in  a  proportion  a  little  under  that  of  five  molecules  to 

one  of  phosphoric  acid,  the  variation  here  being  due  to  differences 

in  the  percentages  of  copper.    If  we  calculate  the  amount  of  phosphoric 

acid  necessary  to  satisfy  the  alumina  and  then  reckon  the  phosphate  so 

obtained  as  requiring  five  molecules  of  water,  we  shall  have  left  over  a 

quantity  of  copper,  acid,  and  water  corresponding  to  a  very  simple 

formula,  and  the  turquoise  will  appear  as  a  variable  mixture  of  the  two 

following  salts : 

2  AUO3,  T^Osi  5  H2O 

2  CuO,  P2O5,  4  HiO 

In  the  Galifornian  turquoise  the  analytical  results  fit  these  formulae 
quite  sharply  and  give  the  ratio  between  the  two  compounds  as  ap- 
proximately four  to  one.  The  first  formula  may  be  regarded  as  that  of 
normal  turquoise,  and  may  be  written  in  rational  form,  halved,  as 

Al2HP04(OH)4 

The  copper  salt,  to  which  the  mineral  owes  its  color,  is  to  be  considered 
merely  as  an  impurity,  a  view  which  is  emphasized  by  the  analysis  of 
the  dark  green  turquoise  C.  In  the  latter  case  the  same  ratios  apply, 
modified  by  the  presence  of  silica,  which  is  nearly  sufficient  to  form 
with  the  copper  a  normal  metasilicate,  similar  to  if  not  identical  with 
chrysocoUa.  This  silicate,  with  whatever  blue  tinge  of  col6r  it  might 
have,  affected  by  the  yellow  or  brown  of  the  iron  present,  probably 
gives  the  turquoise  its  green  hue.  It  is  exceedingly  probable  that  the 
purity  of  tint  in  gem  turquoise  is  due  to  the  copper  salt  alone  and  that 
degradations  of  the  color  towards  green  are  ascribable  to  admixture 
of  salts  of  iron.  It  is  noteworthy  that  of  the  three  turquoises  analyzed 
the  bluest  contaios  the  lowest  percentage  of  copper.  This  could  hardly 
be  the  case  were  not  the  colors  of  the  other  samples  modified  by  some 
impurities,  and  compounds  of  iron  would  naturally  produce  an  effect  in 
the  observed  direction. 

Sections  of  the  three  varieties  of  turquoise  were  studied  uuder  the 
microscope  and  found  to  be  of  essentially  the  same  character.    Although. 
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leeply  colored  in  thu  iiitru)  Biitwiiuciis,  tLe  Ibiii  sfictions  a|ii>oaro(I  ul- 
nost  clear  aud  trauspait'ot.  Between  crossed  uicols  thi; deup  blue  and 
jreen  forma  were  seen  to  be  composed  of  minute  grains  or  short,  thiek 
Ibers,  but  ia  the  paler  varieties  the  fibrous  atructura  was  more  pro- 
lonnccd.  Tlje  optical  properties  of  botii  grains  and  fibers  nre  the  same 
Jirougbout.  They  are  all  weakly  donbly  refracting,  but  have  a  rather 
ligh  refractive  index.  The  liuely  granntar  portions  have  a  pale  bluigfa 
►ggregate  polarization,  less  intense  than  that  of  chlorite,  but  when  the 
niueral  is  distiuctly  fibrous  it  polarizes  like  some  forms  of  serpentine 
rith  light  colors  of  the  first  order.  The  fibers  are  generally  somewhat 
tent  and  interwoven,  bat  lie  approximalely  in  the  same  directiou. 
Sach  fiber  liecomes  dark  when  parallel  to  the  priucipal  section  of  either 
if  the  crossed  uicols,  indicating  that  they  must  crystallize  acconliug  to 
he  quadratic,  hexagonal,  or  rhombic  system,  instead  of  in  one  of  the 
ncliued  systems,  as  was  the  case  with  the  fibers  studied  by  Bilcking' 
n  the  turquoise  of  Fresno  County,  California. 

A  section  was  prepared  of  a  distinct  vein  of  pale  greeu  tui-qnoise, 
fhich  showed  that  the  fibrous  structure  is  directly  across  the  vein  per- 
jendicularly  to  il«  walls.  Small  fissures,  running  into  or  across  the 
"eins,  have  the  fibers  of  turquoise  arranged  perpendicularly  along  their 
iides.  Just  as  serpentine  arranges  itself  along  fissures  in  olivine.  Some- 
imes  the  fissures  are  minute  and  curved;  but  the  resulting  arrauge- 
nent  does  not  simulate  the  radial  fibrous  or  spherulitio  strncture  de- 
fribcd  by  Biicking'  as  found  in  the  turquoise  of  California,  Nevadu, 
and  elsewhere. 

The  periiendicular  arrangement  of  the  turquoise  fibers  along  flasures 
crossing  the  vein  indicates  that  the  mineral  may  have  been  derived 
from  the  alteration  of  another  substance  with  which  the  vein  was  for- 
merly filled.  We  would  suppose,  of  course,  that  the  original  vein  ma- 
terial was  itself  a  phosphate ;  aud  the  only  one  after  which  turquoise  is 
known  to  be  pseudomorphous  is  apatite,  a  species  which  not  infre- 
quently occurs  in  veins.  The  opinion  that  the  turquoise  has  resulted 
from  such  an  alteration  is  favored  by  the  presence  of  other  alteration 
products,  to  be  noted  in  considering  the  composition  of  the  country  rock 
in  which  the  turquoise  is  found.  It  is  also  suggested  by  Hermann's 
analysis  of  blue  Orieutal  turquoise,  in  which  the  equivalent  of  3.41  per 
cent,  of  calcium  phosphate  was  actually  determined.^ 

The  rock  in  which  the  veins  of  turquoise  occur  is  described  by  Blake 
as  "  a  granular  porphyry,  yellowish,  gray,  or  white  in  color,  porous  and 
earthy  in  texture.  It  decomposes  rapidly  by  weathering  and  very  much 
i-esembles  a  sandstone."    In  the  collection  made  by  Major  Powell  there 

I  See  paper  by  Zephutovich  and  Moore,  Zeitschr,  Kryst.  und  Miii,,  10,  p.  340,  already 

■ZeitBchr.  Kryst.  nod  Min.,  2,  p.  1G3. 
>  See  Dana'i  Syst.  Min..  p.  r>81. 
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are  several  good  examples  of  the  rock  penetrated  by  the  turquoise.  It 
is  a  fine  grained,  reddish,  feldspathic  rock,  mostly  fresher  than  that 
described  by  Blake,  and  it  has  a  microgranitic  aspect.  It  contains  nu- 
merous particles  of  biotite  and  pyrite,  with  stainings  of  oxide  of  iron. 
The  hand  specimens  look  as  though  they  had  been  crushed,  and  the 
fissures  thus  formed  so  filled  as  to  produce  irregular  veins  and  nodules. 
The  veins  are  small  and  mostly  composed  of  turquoise,  in  which  are 
embedded  a  few  scales  of  biotite,  particles  of  pyrite,  and  considerable 
quartz  and  oxide  of  iron.  Scales  of  biotite  are  found  abundantly  in  the 
iron  stained  cavities,  as  well  as  in  the  solid  portions  of  the  rock.  Some 
specimens  of  rock,  containing  much  pale  blue  turquoise  of  earthy  text- 
ure, have  been  completely  kaolinized,  and  a  partial  analysis  of  the 
kaolin  gave  the  following  results : 

H,0 12.88 

SiOa 52.38 

AljOa-hFeaOs 33.49 

FiOs None 

MgO 1.17 

CaO Trace 

99.92 

Although  the  mineral  Itself  was  white,  the  alumina  from  it  was  dis- 
tinctly reddish  with  the  iron. 

Under  the  microscope  the  rock  is  seen  to  be  composed  chiefly  of 
feldspar,  with  a  considerable  amount  of  biotite,  epidote,  pyrite,  and 
limonite,  and  some  amorphous  substance.  It  is  somewhat  microgra- 
nitic in  structure,  and  the  irregular  interlocking  grains  of  feldspar  vary 
in  size  from  .01  to  .8"*°^  in  diameter.  Most  of  them  are  considerably 
kaolinized,  so  as  to  appear  cloudy  in  ordinary  light;  but  between 
crossed  nicols  the  original  outlines  of  the  grains  became  more  distinct. 
Their  optical  properties  indicate  that  the  feldspar  is  orthoclase,  an 
opinion  which  is  fully  borne  out  by  the  subjoined  analysis  of  the  rock, 
which  shows  a  remarkably  large  proportion  of  potash  : 

HgO 3.28 

SiOi 56.68 

AliOa 16.62 

FeaOa 6.50 

PsOs 73 

MgO 79 

CaO 59 

CuO ..Trace,  undet. 

MnO ! 1.02 

Fea2 2.21 

K«0 11.18 

NajO 1.03 

100.63 

The  porphyritic  crystals  are  generally  Carlsbad  twins  with  irregular 
outlines.  There  are  occasionally  small  grains  of  fresh,  transparent 
plagioclase.  which  has  evidently  resulted  from  alteration. 
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The  biotite  of  the  rock  occurs  in  noteworthy  (luautitws,  but  is  very 
lucqiially  distributed.  It  is  frequently  aggregated  in  groups  of  scales 
knd  maybe  seen  most  aliundautly  iu  small  cavities.  It  somotimea  occurs 
ntimately  associated  with  the  turquoise,  but  unlike  the  latter  it  is  ouo  of 
die  primary  minerals.  The  small  quantity  of  quarlz  present  isaaecond- 
iry  product,  so  intimately  a68ociat«d  with  turqituiso  as  to  su(;geBt  their 
genetic  coDnectiun.  Fyrite  is  scattered  rather  iiDiformly  throughout 
die  rock  in  Hmall  cubical  crystals  easily  scon  in  the  hand  specimen. 
Chey  are  sometimes  altered  to  limonite,  but  iu  other  cases  they  have 
seeu  completely  replaced  by  pseudomorphs  of  epidote.  Tlie  specimen 
}f  rock  which  was  subjected  to  analysis  probably  contained  an  amount 
yf  pyrite  rather  greater  than  the  average. 

One  of  the  most  important  constituents  of  the  ruck,  because  of  its 
rery  close  association  with  the  turquoise,  occurs  in  the  form  of  bright 
rellow  grains.  They  are  not  distinctly  pleochroic,  but  have  a  high  re. 
Sractive  index,  with  strong  double  refraction,  and  give  brilliant  aggre- 
gate polarization.  The  particles  are  usually  very  small  and  grouped 
together  in  irregular  compouud  grains,  so  as  to  suggest  nothing  of  crys- 
tallographic  form.  In  several  cases,  however,  elongated  simple  grains 
jhow  inclined  extinction,  which  indicates  that  the  mineral  must  be 
dther  monoclinic  or  tricliuic  in  crystallization.  Judging  not  only  from 
■iie  properties  enumerated,  but  also  from  the  percentage  of  lime  iu  the 
^k,  this  mineral  is  in  all  probability  epidote.  It  is  evidently  con- 
jected  genetically  with  the  tuniuoise,  for  it  is  almost  uniformly  found 
apoo  the  border  of  the  latter  and  is  most  abundant  in  its  neighborhood. 

Concerning  the  origin  of  the  turquoise  bearing  rock,  it  may  be  stated 
that  Professors  Newberry  and  Sdliman,  both  of  whom  studied  it  in  the 
field,  regard  it  as  eruptive  and  probably  of  Tertiary  age.  The  occur- 
rence of  this  veritable  orthoclase  rock  in  the  West  is  of  special  interest 
from  the  fact  disclosed  by  recent  investigations  that  in  many  of  the 
rocks  previously  described  as  trachytes  the  predominating  feldspar  is 
plagioclase. 

The  very  small  size  of  the  vein>4  and  their  limited  distribution  show 
that  the  turquoise  is  of  local  origin  and  emphasize  the  idea  that  it  has 
resulted  from  the  alteration  of  some  other  mineral.  In  addition  to  the 
evidence  already  cited  to  show  that  the  turquoise  has  been  derived  from 
apatite,  we  have  the  fact  that  epidote,  a  lime  bcariug  mineral,  is  present 
as  a  secondary  product.  The  oxidation  of  pyrite  may  have  had  some- 
thing to  do  with  initialing  the  process  of  alteration  and  the  alumina  of 
the  turquoise  was  probably  derived  from  decomposing  feldspar.  The 
latter  suggestion  was  made  by  Sllliman,  who  also  esitmiued  microscopic 
sections  of  the  rock  and  reported  apatite  as  present.  No  apatite,  how- 
ever, could  be  seen  iu  the  specimens  examined  by  us.  A  search  for  it 
at  the  locality  would  certaiuly  seem  to  be  desirable. 
(44) 


THE   GNEISS  DUNYTE   CONTACTS   OP   CORUNDU.M    HILL,   NORTH 
CAROLINA,  IN  RELATION  TO  THE  ORIGIN  OF  CORUNDUM. 


By  Thomas  M.  CHATAfeD. 


Hie  associations  of  corandum  with  the  olivine  or  danyte  rocks  of 
Western  North  Carolina  and  the  adjacent  portions  of  South  Carolina 
and  Georgia  have  been  often  described,^  but,  having  had  an  opportu- 
nity during  the  summer  of  1884  to  visit  a  few  of  the  typical  localities 
and  to  collect  specimens  of  the  associated  rocks,  the  results  of  my 
chemical  examination  of  some  of  the  latter  are  here  given,  as  possibly 
affording  some  data  for  the  solution  of  the  problem  of  the  origin  of 
corundum. 

The  names  given  in  this  paper  to  the  various  rocks  and  minerals, 
unless  analyses  or  authorities  are  given,  must  be  considered  as  only 
approximately  correct.  By  chlorite  is  meant  all  the  varieties  of  green, 
foliated,  hydrous,  aluminous  magnesian  silicates  met  with  in  connection 
with  dunyte,  while  the  whole  series  of  brown  and  yellow  foliated  min- 
erals are  called  vermiculit^s.  Under  the  heads  of  enstatite,  talc,  &c., 
are  grouped  a  number  of  minerals  of  similar  appearance,  many  of  which 
may  prove,  on  examination,  to  have  compositions  differing  widely  from 
that  of  the  species  under  which  they  are  placed. 

In  making  the  analyses,  the  silica,  after  being  ignited  over  the  blast 
lamp  to  constant  weight,  was  treated  with  hydrofluoric  acid  and  the 
residue  deducted,  while  the  alumina  iron  precipitate  was,  after  ignition 
to  constant  weight,  fused  with  sodic  bisulphate,  and  silica,  if  present, 


»C.  U.  Shopard,  Am.  Jour.  Sci.  (Ill),  IV,  pp.  109,  175, 1872, 
J.  L.  Smith,  Am.  Jour.  Sci.  (Ill),  VI,  p.  180, 1873. 
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separated.    Double  precipitation  was  always  employed  ami  the  precipi- 
tates were  carefully  tested. 

THE  LOCALITIEB. 

Tlie  principal  soatheru  ininiog  localiiies  for  coriiudum  are  at  Corun- 
dam  Hill,  Blacon  County,  North  Carolina,  ami  at  Laurel  Creek,  Georgia, 
96  miles  southeast  of  the  former.  Both  are  owned  and  worliod  by  tlic 
Hampden  Emery  Company,  undur  the  direction  of  Dr.  H.  S.  Lucas,  to 
Vhom  I  am  indebted  for  every  desired  facility  and  for  a  very  warm  and 
intelligent  interest  in  my  work. 

The  two  localities  are  alike  in  respect  to  the  occurrence  of  the  coran- 
dnm.  In  both,  the  mineral  is  found  in  chlorite  and  rermicnlite  lying 
between  hornblende  gneiss  and  altered  dunyt«.  At  Laurel  Creek  the 
Open  cut  in  which  the  corundum  is  miued  rnns  east  10^-20^  north,  fol- 
lowing the  course  of  the  veins,  the  mine  being  situated  on  the  north 
^nk  of  Laurel  Creek,  at  the  base  of  a  high  hill.  Un  the  south  bank 
and  in  the  bed  of  the  creek,  hornblende  gneiss  is  the  country  rock,  suc- 
ceeded aa  we  go  northwardly  by  enstatite,  talc,  and  allied  minerals.  The 
tJornndum  Qrst  met  with  occurs  in  what  is  locally  known  as  the  "sand 
vein,"  which  is  composed  of  chlorite  and  vermiculite  carrjing  more 
prlesscorundnm,  usually  in  small  crystals  and  fragments.  The  chlorite 
In  the  npper  portion  of  this  vein  was  mnch  disintegrated,  the  mass  fall- 
ing readily  to  pieces,  allowing  of  the  easy  removal  of  the  cornndam, 
but  at  the  tirm*  tif  my  visit  it  wan  very  compact  and  fouffh  and  of  little 
valae.  The  eand  vein  is  succeeded  by  a  so-called  "horse"  of  steatite, 
on  the  other  side  of  which  is  the  vein  of  "  block  corundum."  This  is  a 
vein  of  vermiculite  containing  masses  of  corundum  sparingly  mixed 
with  chlorite  and  vermiculite  and  frequently  of  great  size,  several 
having  been  obtained  of  at  least  5,000  pounds  in  weight.  One  mass 
which  I  saw  must  have  weighed  at  least  a  ton.  The  north  wall  of  the 
block  vein  is  a  smooth  wall  of  ^'indurated  talc"  and  steatite,  which 
gradually  passes  into  altered  but  still  hard  duuyte.  Indeed,  the  diflfer- 
ence  between  this  place  and  Corundum  Hill  is  in  no  respect  more 
marked  than  in  the  greater  hardness  and  toughness  of  the  corundum 
bearing  rocks  and  in  the  apparent  concentration  of  thecorUndum  into 
large  masses  with  but  httle  evidence  of  crystallization.  At  the  westerly 
end  of  the  cut  is  a  vein  of  decomposed  white  material  shown  by  analysis 
to  be  an  altered  soda  lime  feldspar.  In  this  I  did  not  find  any  comti- 
dum,  but  I  was  told  that  it  was  occasionally  found  in  this  rock. 

The  Corunduui  Hill  mine  is  situated  on  a  ridge  which  runs  in  the 
northeast  and  southwest  direction  characteristic  of  this  section,  the 
duuyte  outcrops  being  on  the  crest,  and  apparently  surrounded  on  all 
sides  except  towards  the  east  by  hornblende  gneiss.  On  the  east  side 
mica  schist'  takes  the  place  of  the  gneiss,  and  it  is  on  the  eastern  side 

'  Frobatilf  domoutlto  aobist ;  cf.  Am.  Acad.,  1874,  by  V.  A.  GeDth,  " Damonrite." 
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of  the  danyte  that  the  so-called  ^'  saad  vein  "  is  foand.  This  is  a  vein- 
like  mass  of  brown  vermicalite  in  small  scales  containing  an  abundance 
of  small  crystals  of  corandam,  which  are  nsnally  brown  in  color  and  often 
broken  into  fragments.  At  the  time  of  my  visit  the  nearly  perpeadicn- 
lar  vein  was  abont  6  feet  wide  and  was  worked  by  hydraulic  washing 
through  an  open  cut  about  30  feet  deep.  The  easterly  wall  of  this 
vein  is  the  mica  schist  very  much  decomposed,  while  on  the  western 
side  we  find  enstatite,  next  vermiculite  mixed  with  chlorite,  then  talc 
which  in  turn  gives  place  to  nodules  of  more  or  less  altered  dunyte. 

The  specimens  of  corundum  crystals  for  which  this  locality  is  so  cele- 
brated have  all  been  found  on  the  westerly  side  of  the  dunyte,  and,  so 
far  as  I  have  seen  or  could  find  out  by  inquiry  from  the  owners  and  the 
miners,  only  on  or  near  the  lines  of  contact  between  the  gneiss  and  the 
dunyte.  The  dunyte  is  sometimes,  as  stated  by  Julien  in  the  paper 
cited,  <^  interbedded  with  the  hornblende  gneiss  in  layers  1  to  6  meters 
in  thickness.  This  was  shown  by  a  cross  section  of  the  beds  on  the 
north  side  of  the  dunyte  deposit  at  the  Jenks  Mine  (Goruudum  Hill), 
near  Franklin,  in  Macon  County.  Although  the  dunyte*  is  thus  in- 
closed in  or  interbedded  with  the  hornblende  gneiss,  the  latter  was 
never  observed  to  be  enveloped  by  the  dunyte.'' 

The  origin  of  the  dunyte,  whether  igneous  or  sedimentary,  and,  if  the 
latter,  whether  mechanical  or  chemical,  is  a  disputed  question  which 
has  been  ably  discussed  in  the  list  of  pai)ers  already  given,  and  upon 
this  point  I  am  not  able  to  give  any  further  information  of  value. 
Leaving  out  the  question  of  the  origin  of  the  dunyte,  it  appears  very 
much  like  a  dike  or  dike  series,  portions  of  which  have  been  forced  into 
the  adjacent  country  rock  without  completely  severing  the  connection 
with  the  main  mass. 

In  its  present  condition  it  forms  irregular  spheroidal  masses,  some- 
times several  meters  in  diameter,  most  of  which  are  much  fractured  and 
altered,  the  fracture  seams  being  filled  in  with  brown  or  yellow,  clay-like, 
magnesian  silicates,  while  the  surface  is  also  converted  into  a  similar 
material  which,  when  dry,  has  a  strong  tendency  to  peel  off  in  eemicon- 
choidal  plates.  In  this  form  of  alteration  the  mass  of  the  nodule  is  still 
rather  hard,  but  frequently  the  nodules  are  cased  with  talc,  10-20««» 
in  thickness  and  quite  tough ;  when,  however,  this  casing  is  pierced 
through,  the  interior  is  found  to  consist  of  a  soft,  yellow,  ocherous  ma- 
terial, into  which  a  rod  can  be  forced  with  comparative  ease  for  a  foOt  or 
more;  towards  the  center  of  the  nodule  the  material  is  often  harder, 
being  apparently  less  thoroughly  decomposed. 

The  gneiss  along  the  lines  of  contact  is  much  decomposed,  preserving 
its  laminated  structure  but  becoming  a  friable  mass  of  reddish  and 
brownish  gray  grains  of  quartz  and  scales  of  altered  mica,  with  whitish 
nodules  irregularly  disseminated  through  it.  Several  contact  sections 
from  gneiss  to  dunyte  were  examined,  and  samples  taken  as  the  charac- 
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^rof  tbc  formnlion  aevmetl  to  change.  Of  these  the  results  of  the  cbeni- 
eal  ex&mJDation  of  one  scries  is  friven,  as  it  is  typical  of  tbem  all,  tbc 
rariatJons  in  the  others  being  <lue,  apparently,  only  to  differences  in 
the  relative  proportions  of  the  same  general  classes  of  minerals. 

DESCRIPTION   OF  TEE  SECTIONS. 

These  sections  were  all  taken  in  au  open  cut  which  starts  from  a  pmnt 
near  the  coruadum  mill  and  rnns  into  the  hill  in  a  southeast  direction. 
[a  this  cat  the  exposures  were  clearest,  the  banks  in  most  of  the  other 
ints  being  more  or  less  covered,  tither  by  caving  or  by  debris  piled 
kgainst  them  in  the  course  of  the  mining  operations. 

In  going  up  the  cut  the  walls  were  found  to  consist  in  most  part  of 
2ie  material  which  I  have  called  altered  gneiss,  with  occasional  masse.<t 
ifdunyte  very  much  altered  and  showing  the  chiiracteristio  chloritic 
nioerals.  The  cut  at  the  upper  end  widens  out  immediately  after 
Missing  through  a  belt  of  gneiss  which  crosses  it  with  a  northeast,  south- 
rest  strike  and  a  dip  which  is  apparently  eastward,  but  is  nearly  per- 
Modicular.  This  rock  can  be  traced  northeast  for  some  distance,  but  is 
Jien  covered  by  mining  dtJbris,  though  Dr.  Lucas  informed  me  that  it 
iOn tinned  without  an  apparent  break  through  that  portion  of  the  gronud. 
Beyond  the  rock  piles  it  can  be  traced  to  the  main  body  in  the  biglier 
part  of  the  hill. 

On  the  east  side  of  this  gneiss  and  on  the  north  side  of  the  cut  we  have 
the  following  sequence : 

Srction  J. 

A  1.  Altered  gueiae,  becoming  soTiiewLat  verDiiciililic  as  it  approaches  A  2. 

A  2.  A  narrow  band  of  greeuiab  cUlorile. 

A  3.  A  6  inch  scam  of  vermiculito. 

A  4.  Soft,  yellow,  maguestan  clay. 

A  6.  A  uorroir  ieaiti  of  very  impure  clialcedoDy,  stuiDcil  red. 

A  6.  More  yellon-  clay. 

A  7.  A  rather  hard  casiDg,  brownish  yellow  in  color,  incloBiag 

A  8.  A  1arg«  nodule  of  dunyte,  much  altered,  with  Hcams  filled  with  soft  clay  and 
harder  material  of  the  same  kind,  while  the  comparatively  hard  browD  yel- 
low dnnyte  (A  8)  has  running  through  it  small  seama  of 

A  9.  A  mineral  similar  to  enstatite. 

Sftfion  /;. 

On  the  opposite  side  of  tbo  cut  a  section,  B,  starting  from  the  same 
gneiss,  shows  — 
B  1.  Altered  gneiss,  like  A  1. 

B  2.  About  2feet  (OCKin)  of  yellowish,  micaceous,  aud  quite  rotteu  material. 
B  3.  About  30""  of  fine,  scaly,  browu  venniculito. 

B  4.  A  band  of  foliated,  compact,  bright  green  chlorite  stained  bright  red  in  places 
with  ferric  oxide  or  an  iron  clay. 
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B  5.  Eostatite,  gray  in  color  and  qaite  hard. 
B  6.  Yellow  clay  similar  to  A  6,  and  inclosing 

B  7.  Mach  altered  but  still  rather  hard  dnnyte,  the  casing  on  the  other  side  being 
chlorite. 

The  corandom,  when  it  occnrs,  is  found  in  A  3  and  B  3  and  is  mach 
fractured. 

Section  C. 

At  about  10  meters  northeast  from  A  the  Section  0  was  made  and 
gave  the  following  series: 

C  !•  Altered  gneiss,  containing,*  distributed  irregularly  through  it, 

C  2*  Harder  nodules,  very  silicious;  the  gneiss  gradually  changing  into 

C  3.  A  scaly,  brownish  material,  followed  by 

C  4.  A  soft,  friable,  yellowish  white  kaolin,  intermixed  with 

C  5.  A  reddish  brown,  micaceous  mineral,  followed  by 

C  6*  A  seam  of  a  small  foliated,  brownish  yellow  mineral  which  disintegrates  easily, 
falling  into  small  scales. 

C  7.  Vermiculite  containing  corundum.  The  specimen  selected  for  examination  was 
very  typical  and  showed  a  mass  of  friable,  yellowish  brown  vermiculite  with  a 
narrow  seam  of  bright  green  chlorite  dividing  it  into  two  nearly  equal 
parts.  The  corundum  is  found  on  only  one  side  of  this  chlorite  scam,  but  is 
there  in  large  proportion,  some  of  the  crystals  being  over  2^^  in  length} 
the  width  of  the  corundum  bearing  streak  being  about  15^^.  The  vermicu- 
lite containing  the  corundum  was  marked  C  7  a  ;  that  on  the  other  side 
of  the  chlorite,  and  which  showed  no  corundum,  0  7/3,    This  was  followed  by 

C  8.  A  combination  of  vermiculite  and  actinolite. 

C  9.  Enstatite  mixed  with  chlorite,  forming  a  tough  casing  about  ICh^™  thick,  in- 
closing a  mass  of  altered  dunyte  with  the  yellow  ochers  and  other  character- 
istic decomposition  products. 

In  giving  the  results  of  the  examinations  of  these  minerals  it  may  be 
well  to  say  that  the  rocks  were  always  examined  carefully  with  a  strong 
lens  and  in  most  cases  microscopically.  The  separations  were  made 
with  Sonstadt's  solution  whenever  practicable;  but  in  the  presence  of 
the  slimy,  yellow,  magnesian  silicates  this  was  often  impossible,  and 
hand  picking  was  resorted  to. 

* 

ANALYTICAL  RESULTS. 

C 1.  Altered  gneiss  (!).  A  friable,  sublaminated  aggregate  of  scales  of 
a  micaceous  mineral,  in  color  from  colorless  to  brownish  and  reddish 
yellow,  with  grains  of  quartz  of  similar  shades  of  color  and  occasional 
small  masses  of  a  whitish,  kaoliu-like  material  (C  2).  This  rock  has,  as 
stated  above,  the  same  strike,  dip.  and  structure  as  the  adjacent  unal- 
tered gneiss  and  apparently  passes  into  it. 

C  2.  Nodule  in  C  1.  Structure  finely  granular,  with  larger  grains  of 
quartz  disseminated  through  the  mass,  and  a  few  small,  yellowish  scales 
on  the  fracture  surfaces;  rather  friable;  color  brownish  and  yellowish 
white,  with  some  small  brown  spots. 
«r>'  0  8.  A  friable  aggregate  of  micaceous  minerals,  eimilar  in  structure 
and  appearance  to  C  1,  but  the  scales  are  smaller  and  more  deeply  col- 
Ball.  42 4  (49) 
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sbatles  of  brown  and  yellow,  tbe  grains  of  quartz  arc  fewer  ami 
and  ttie  nodales  C  H  are  abscDt. 


C!. 

CI. 

CI. 

leaitioii 

1.97 
ei.27 
1.32 
O.ffii 
16.  tS 
6.(M 
0.W 

o.or 

0,33 
1.7* 
.3.119 

2.79 

75.  ca 

None 
NoDe 
13.  S2 

s.sa 

0,56 

0.4a 
B.M 
0.2J 
None 

7.96 

be.  6a 

CM 

Sl.tiO 

6.  no 

0.70 
0.13 
0.35 
3.B1 

1.98 
0.51) 

Fe.0. 

K.O 

100.37      100.23 

11H).37 

C  4.  Soft,  friable,  ftue  granalar,  yellowish  wbite,  kaoliu-Hke  material, 
in  lumps,  with  dark  brown  spots  and  streaks.  Contains  a  very  small 
proportiou  of  fine  grains  of  quartz. 

C  5.  Tbe  lumps  of  C  4  are  scattered  through  a  seam  of  a  small  foliated 
mineral  aggregated  to  a  loosely  coherent  mass  which  breaks  op  when 
bandied.  Tbe  scale.s  Imve  a  pearly  liistiir  iiiul  are  npjiarcntly  colorless 
or  of  a  greenish  tint,  but  are  stained  reddish  brown  by  interlaminated 
ferric  oxide  wbicbcaunot  be  separated  from  them.  When  heated  the 
mineral  esfoliates  slightly,  assuming  a  silvery  luster  and  apurpllBh  red 
color.  Before  ignition,  decomi>osahlo  by  hot,  concentrated  hydrochloric 
acid. 

C  6.  A  compact  mass  of  trauBluceut  scales;  color,  yellow  with  shades 
of  brown;  apparently  homogeneous,  but  altered ;  disintegrates  easily; 
contains  a  little  chromite  (0.15  per  cent.). 


C  4. 

OS. 

Cfl. 

Ignition 

13.70 

4B,  71 
K,49 

12.63 

37.96 
22.53 

9.46 
52.69 
5.26 
0.52 
2.33 
0.69 
0.12 
0.33 
2S.53 
0.16 

Fft^O, 

i.sa 

0.60 
0.06 

11.12 
0.30 
0.12 

1. 61       15. 46 
0.34    Undet. 

Alkalies     

90.63 

100. 12 

98.99 
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lis  pecali 

It 

^t^  Comndom 

C  HiOatllO°.... 

C  H|0  at  red  heat. 

m  8iO, 


■  "ciirrence  lias  been  described  above.    The 
p.  uut  little  difference  in  pbyaical  characteristics, 
I. id  of  a  pale  brown  yellow  color.    The  thinnest 
I   l.ial<;r  and  are  nearly  transparent.     C  7  a  was 
il  iiud  showed  no  cornudum  under  a  magnifying 
^1^  of  it  was  shown  not  only  iu  the  course  of  the 
the  process  of  grinding,  as  the  vermiculite  when 
from  grit.    The  corundum  is  probably  inter- 
^ennJcnlite,  as  is  often  seen  in  specimens  which  are 
moreover  the  corundum  crystals,  aa  separated 
very  much  fractured  and  fall  readily  to  pieces, 
plates.    C7  fi  appears  to  be  free  from  corundum. 
Iven  with  total  amount  of  water  and  are  also  calcu- 
from  coninduui  and  dried  at  llO'^,  the  latter  calcu- 
r  the  two  vermiculites  are  practically  identical. 
L  of  chlorite  separating  these  two  was  not  examined 
I  not  differ  apparently  from  the  orilinary  chlorites 
M'  chlorite  (Analysis  F,  see  page  50}  has  been  exam- 
is  peculiar  appearance,  butiu  most  cases  it  was  not 


A],0,.... 
rojO,.... 

FeO , 

MnO 

CaO , 

MgO 

AUcaliM  . 


Alrdnsd. 

AtUOo. 

8.87 

10.33 

9.47 

11.60 

31.01 

38.02 

15.  H 

18.56 

5.63 

6.  DO 

0.55 

0.68 

O.li 

0.15 

0,35 

0.44 

19.0tJ 

0.22 

23. 3M 
0.27 

Atrdrled.   AtllOo. 


11.42 


4. 76 

0.57 
Trace 

None   j. 
22.36 


11.34 
37.22 
20.11) 

6.37 


100.77  '  100.00     100.01  I  100.00 


uoasB  of  a  yellowinh  brown,  small  foliated  mineral,  throagh  the 
Irt  of  which  runs  an  irregular  seam  of  a  fine,  granular,  grass 
Ineral  intermixed  with  a  small  quantity  of  black  magnetic 
id  a  large  proportion  of  the  vermicalite  scales,  which  are,  how- 
oh  smaller  than  those  of  the  outer  portions.     As  there  were  con- 


^  qwrtadbfCootM,  Froc.  Am.  Acad.,  1874,  loc.  oit.;  Oentli,  Am.  FI 
,  Jim,  Mctini  Cblorite. 

(61) 


WASHINGTON    LABoaATOKY. 

sideiable  iJifl'ureinies  in  the  speuilic  yravity  of  thewi  minerals,  tbey  were 
separated  by  Thoulet's  solution  ami  marked  C  6  a.  C  9  fi,  and  C6  y. 
CS  a.  Ismail  rounded  grains  sliowinc  some  ootaiiodral  faces ;  opaque; 
luster,  Bubmetallii';color,lirowni8bbliiok;8treak, blackish  brown;  mug- 
ut'tic.  Analysis  correapouds  to  cbromite  ititermised  with  eoniG  mag- 
oetite,  but  FeO  was  not  determined  for  itself,  the  whole  of  the  Fe^O^ 

'being  i»ilcatated  as  sucb. 

'  C  6  /?.  Finely  granalar,  compact,  the  larger  pieces  ehowing  nnder 
tbemaguifyingglassacryslalliuustruciureaud  longitudinal  striations; 

'  CranBlucent  to  snbtrauspareut ;  luster,  vitreons ;  color,  grass  green ; 
k,  greenish  white;  sp.  gr.,  3.062.    Analysis  correspouda  to  actiuo- 


m- 


u^txnv 

HtO  at  red  beftt  .. 
810, 


TiO, 

P,0, 

Ct,0, 

AW), 

F^0» 

FbO...-. 
(Ni,Co)0  . 

MnO 

CaO 

MgO 

Alkalies.. 


3.20 
0.36 
0.  IB 
45.94 
2.51 


C8^ 


0.04 

O.Ht 

106.23 

None 

0.19 
13.04 

I.8S 

2.51 
Tmoe 

0.S6 
13.36 
S3.JI 

0.58 


W.92 


I 


CS  y.  Foliated,  compact ;  folia  generally  small,  not  over  2""°  across; 
cleavage,  basal,  eminent;  color,  yellowish  brown,  the  thinnest  scales 
being  almost  colorless,  with  a  greenish  tint;  luster,  snbmetallic,  aonie- 
wbat  greasy,  the  material  having  a  great  resemblance  to  the  so  called 
"bronze  powder."  Easily  decomposed  by  concentrated  hydrochloric 
acid,  the  silicic  acid  separating  in  pearly  scales.  When  heated  gives 
off  much  water  and  exfoliat«s  with  considerable  force,  particles  being 
projected  several  centimeters  from  the  mass,  which  doubles  its  bulk 
and  becomes  reddish  brown  with  asomewhatsilvery  luster.  Examined 
microscopically  by  Mr.  J.  S.  Diller,  who  reports  "  that  it  is  biaxial  and 
negative,  but  the  angle  between  the  optic  axes,  as  seen  iu  a  cleavage 
plate  split  off  parallel  to  the  base,  is  uniformly  small.  Upon  rotating 
the  section,  although  the  cross  is  plainly  distorted  into  two  liyperbolte, 
they  do  not  completely  separate  from  each  other.''  Sp.  gr.,  2,613  in 
water  at  25.5°. 
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In  the  following  water  determinations  the  figures  in  brackets  represent 
determinations  by  difference,  the  others  being  direct  determinations. 


Perotat. 

Per  cent 

Per  cent. 

Per  cent. 

Average. 

HiOatllOo 

3.87 

0.12 

* 

(6. 83) 

3.81 
I       7. 04 ' 

J 

3.72 
(6.95) 

3.72 

(7.00) 

3.78 

HiOat  130^ 

HiO  at  red  heat  (blast 
lamp) 

• 

(6. 98) 

•""*x  /    ••••■•••-••••     ---• 

Total  HsO  as  deter- 
mined   

10.82 

(10.85) 

10.67 

10.72 

10.76 

Analyses  Nos.  1  and  2  are  the  resnlts  obtained  on  the  air  dried  min- 
eral; No.  3,  average  of  1  and  2,  and  No.  4  the  average  calculated  as  dried 
at  lioo. 


HaO'atllO^^ 

H3O  at  130<3  and  red  heat 

SiOa 

A1,0, 

CfaOa 

FeaOa 

FeO 

MnO 

CaO , 

MgO 

KaO 

NaaO 


3.78 
6.98 
39.89 
12. 88  ^ 
0. 54  I 
5.29f 
0.11  J 
0.05 
0.14 
24.88 
5.76 
0.20 


=  18.82 


100. 50 


2. 

8. 

(3. 78) 

3.78 

(6. 98) 

6.98 

39.74 

39.81 

r     12.99 

19.04 

j        0.54 
^        5.29 

I      0.11 

0,05 

0.05 

0.13 

0.14 

24.78 

24.83 

(5. 76) 

5.76 

(0.20) 

0.20 

100. 46 

100. 48 

4. 


7.22 

41.17 

13. 43 

0.56 

5.47 

0.11 

0.05 

0.14 

25.68 

5.96 

0.21 


100.00 


No.  4  gives  the  atomic  ratio  : 


Si  :    «  :    R   :   B    :   fi 

2.75:1.03:1.29:0.14:0.80 

V ^ * 

2.75 :  2.46  : 0.80 

7:  6:2 


As  this  mineral  appears  to  be  a  very  definite  vermiculite,  I  have, 
in  order  to  distinguish  it  from  the  others,  given  it  the  name  Incaslte,  in 
honor  of 'Dr.  H.  S.  Lucas,  of  Corundum  Hill,  North  Carolina,  and  the 


II  t 
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following  table  from  Professor  CookuV  j)ai>er'  will  i 
the  other  members  of  tbe  group  at  100°. 


I 


Hallito 

..  2.42; 

2.41 

:  1.47  or  8 : 8 

"Lerni".... 

..  S.54: 

a.50 

:1.30or2:2 

I'elhamitfl... 

-.  2.75: 

2.4fi 

:  1.26  or  9:  3 

CulBageeite  . 

..  2.50: 

a.6B 

:I.2Uora;S 

"Mrnhnrj". 

-.  a.38: 

2.T4 

a.I4oc2:3 

Jefferisite... 

..  a.50: 

3.&3 

:l.lTorfl:i» 

LacaKito 

..  2.75: 

2.4G 

:  0.80  or  7:6 

I 


0  9.  Grayish  vhite,  aabestiform  mass  made  up  of  fine  fibers  of  a  n't- 
reous  lastcr,  aggregated  to  a  sooiewhat  woolly  mass  intermixed  with  a 
smaller  proportion  of  bright  greeu  chlorite.  The  rock  mass  disintegrates 
easily,  breaking  down  into  a  soft,  woolly  aggregate  of  fine  needles,  not 
■folia.     A  bydrous  enstatite.    Sp.  gr.,  2.872. 

HjO 4.55 

SiOi ...-  5(i.5a 

TiOi Hone 

Or,0. 0.24 

*AI.Oj 1.74 
pftiO, i.ee 
ffeO 3.fl7 
BtnO O.ai 

C»0 0.59 

MrO 30.34 

Alkalieti 0. 17 

99.98 

Tbedunyte  alteration  following  C  9  waa  very  much  decomposed,  being 
a  friable,  clay-like  mass  vlth  needles  of  white,  hydrous  enstatite,  like 
C  9,  and  small  scales  of  another  mineral  which,  however,  could  not  be 
separated  in  a  pure  conditioo  by  means  of  Sonstadt's  solution,  as  almost 
all  tbe  scales  showed,  when  examtued  under  the  microscope,  that  they 
were  interpenetrated  by  the  needles.  The  examination  of  the  decom- 
posed duuyte  of  the  A  series  will,  however,  show  the  character  of  these 
alteration  products. 

Of  the  following  analyses,  D  is  from  the  apparently  least  altered 
specimen  of  dunyte  that  I  was  able  to  find.  It  is  granular,  crystalline, 
the  grains  of  olivine  being  subtranstuceut,  with  a  subvitreons  luster  and 
of  au  oil  greeu  color  with  grayish  tints.  The  rock  contains  a  little  chro- 
niite. 

Some  of  tbe  specimens  of  dunyte,  particularly  the  darker  varietieB, 
show  an  indistinct  radiated  structure,  the  radiations  starting  fcfMa  pbints 
which  are  lighter  in  color  than  the  rest  of  the  specimen.  ^'"     '"••-<. 

•  C.mko,  Prill-.  Am.  Ar.iil.,  ]>.  4r.l,  1875. 
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E  is  my  old  analysis  of  dunyte  from  the  same  locality,  given  in  Dr. 
Genth's  first  paper  on  cornndum,  already  cited. 


Chromite 0.56 

HaO 2.74 

SiO, 40.11 

CtjOj 0.18 

AlaOa 0.88 

FeaOs 1.20 

PeO  6.09 

NiO(tr.  CoandMn) 

CaO 

MgO i  48.58 


100.34 


E. 


1.72 
41.59 


0.14 


7.49 

0.34 

0.11 

49.28 


100.66 


A  7  is  the  casing  of  the  dunyte  nodule  of  the  A  series.  It  is  brownish 
yellow,  granular,  and,  when  dry,  easily  pulverized ;  but,  some  portions 
appearing  harder  than  the  rest,  the  specimen  was  crushed  without 
grinding,  the  coarse  powder  shaken  violently  and  then  sifted  through 
a  fine  sieve.  The  softer  part  was  called  A  7  or,  the  harder  A  7  ^9,  and 
it  will  be  seen  that  the  two  are  practically  alike,  the  harder  part 
containing  much  more  chromite  and  being  not  quite  so  much  decom- 
posed. 


A  7  a. 

Alfi., 

Chromite 

Ignition  

SlOa 

0.17 

2.14 

40.04 

3.17 

12.15 

42.97 

2.45 
2.01 

40.18 
1.35 
9.88 

43.84 

AljOa 

Fe^O, 

MgO 

100.  C4 

99.71 

A  8.  Altered  dunyte,  granular,  compact,  traversed  by  small  seams 
carrying  A  9.  Luster,  dull ;  color,  pale  yellowish  brown.  From  inte- 
rior of  nodule. 

A  8.  Fine  fibrous  or  small  foliated,  the  folia  being  so  arranged  trans- 
versely in  the  seams  of  A  8  as  to  present  a  fibrous  appearance.  Luster, 
I>early  soft;  color,  colorless  to  white.    Subtranslucent. 
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¥.  Chlorite;   broad  fuliiitcd,  folia  brittU',  being  probubl^'  Kutnewbiit 
Altered.    Color,  dark  bluish  green;  luster,  Hubmetallic.     FroDi  Comu- 


;    A8- 

AIL 

F, 

40.25 
0.9B 
2.71 
5.97 

9G.3E) 
S.3, 
0. 16 

I.W 
0.M 
M.ST 

IS.  71 

35.  W 
20.90 
(1.55 
3.fn 
0.14 
10.90 
0.19 

47.76 

9:i.  19 

W.75 

Iq  comparing  these  aualyses  with  refereiico  to  the  mode  of  occarreoca 
.of  the  coniudum  and  to  the  question  of  its  probable  origin,  it  uiQSt  )>o 
mmembered  that  we  start  from  an  aluminous  rock,  gneiss,  on  one  side 
.of  the  aaam,  nnd,i)assin^  through  the  series,  reach  as  a  flual  term  a 
nt&guesian  rock,  dunyte.  In  folloniug  the  series  we  should  expect  to 
Jlnd  a  progressive  increase  in  the  amount  of  miigiiesia  ami  a  gradual 
decrease  in  the  amount  of  alnmina.  It  will  be  observed  that  such  is  the 
case  with  the  niiigncNia,  whilo,  roughly  speaking,  it  is  also  true  of  ihe 
alumina.  The  ease  with  which  magnesia,  in  the  processes  of  rock  alter- 
ation, may  be  dissolved  and  redeposited  explains  the  regularity  of  its 
increase,  while  the  high  degree  of  in»iohibility  of  .silicate  of  aluminaaud 
the  presence  of  varying  quantities  of  kaolin  in  the  spteimens  CI  to  C  6 
account  for  the  irregularities  in  the  alumina  jiercentages.  The  members 
of  the  series  C  1  to  C  6,  though  crystalline,  are  in  nearly  every  case  much 
decomposed  and  do  not  allow,  generally,  of  proper  separations.  Enough 
has  been  done,  however,  to  show  that  the  entire  scries  falls  into  three 
groups:  aluminous  silicates,  aluminomagnesiau  silicates,  and  mnguesiau 
nilicates.  The  list  of  constituents  is  ])ractical]y  the  same  for  all,  and  it 
is  only  by  considering  the  relative  predominance  of  one  or  the  other 
base  that  the  distinction  can  be  maile.  The  middle  term  of  the  chemi- 
cal series  is  also  the  middle  term  of  the  field  series,  and  in  it  the  corun- 
dum is  fonnd.  All  the  gneiss  dunyte  contacts  which  I  have  seen  or 
have  information  of  give  practically  tlie  same  succession.  Corundom 
is,  however,  only  an  accessory;  frequently  it  is  not  found  at  all,  and, 
when  present,  often  in  comparatively  small  quantities.  It  may  there- 
fore be  considered  as  the  result  of  a  certain  balance  between  the  alumi- 
Qons  and  the  magnesian  solutions,  which  have  by  their  union  produced 
the  chlorites  and  the  rermiculites. 

The  question  of  the  origin  of  the  dunyte,  in  so  far  as  it  has  any  refer- 
ence to  that  of  Hio  corundum,  can  imw  be  considered.     Three  modes  of 
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origin  are  supposable,  chemical,  sedimentary,  and  igueous.  If  a  chemical 
origin  be  assigned  to  the  dnnyte  (and  gneiss),  we  conld  have  a  sequence 
of  events  something  like  the  following :  An  aluminous  silicate  solution 
depositing  the  constituents  of  gneiss  gradually  becomes  impregnated 
with  a  solution  of  magnesia  either  as  silicate,  or,  more  probably,  a  mixt- 
ure of  silicate  and  carbonate.  The  researches  of  Way^  and  those  of 
Deville,  Friedel  and  Sarrasin,  and  de  Schulten'  have  shown  that  alumi- 
nous silicates  and  alkaline  silicates  can  be  made  to  combine,  forming  feld- 
spars and  other  alkaline-aluminous  silicates,  and  Way  showed  that  the 
alkali  could  be  replaced  by  lime. 

Although  much  more  work  is  required  in  this  direction,  still  we  are 
warranted  in  assuming  that,  if  we  can  obtain  solutions  of  aluminous 
silicates  and  of  magnesian  silicates  and  allow  them  to  react  upon  each 
other  under  proper  conditions,  we  shall  obtain  hydrous-alumino-mag- 
nesian  silicates,  or  if  iron  be  present,  as  is  the  case  with  dunyte,  sili- 
cates belonging  to  the  chlorite  and  vermiculite  groups. 

Under  this  assumption,  the  rock  forming  solution  would  cease  de- 
positing the  constituents  of  gneiss,  even  of  the  more  homblendic  varie- 
ties, and,  instead,  furnish  chlorites  and  allied  minerals,  until,  gradually 
becoming  more  and  more  magnesian,  enstatites,  talcs,  and  finally  chrys- 
olites would  be  the  products.  To  account  for  the  formation  of  corun- 
dum during  this  process  we  must  suppose  the  presence  of  carbonate  of 
magnesia  along  with  the  silicate,  which  would  permit  of  the  replace- 
ment, by  magnesia,  of  a  part  of  the  alumina,  which  would  be  precipi- 
tated either  as  the  hydrate  or,  under  conditions  as  yet  unknown,  as 
corundum. 

If  instead  of  a  chemical  origin  for  the  gneiss  and  dunyte  we  consider 
them  as  results  of  either  a  sedimentary  or  an  igneous  action,  we  shall  find 
the  reactions  involved  in  ^he  alterations  of  these  rocks  to  be  of  the 
same  character.  In  either  case  we  should  have  gneiss  in  contact  with 
dunyte.  As  soon  as  alteration  of  the  gneiss  begini^,  the  feldspar  kaolin- 
izes  and  the  mica  is  atta<;ked,  yielding  solutions  of  alkaline  salts  which 
have  the  property  of  dissolving  alumina,  and  this  action  is  increased 
by  the  presence  of  carbonic  acid,  while  even  solutions  of  iron  silicates 
and  magnesian  silicates  have  the  same  efifect.^ 

As  Both  observes,  accurate  and  sufficient  data  are  lacking  for  the 
proper  consideration  of  such  questions,  but  enough  is  known  to  be  able 
to  say  that  the  alteration  of  gneiss  or  granite  furnishes  a  solution  of 
silicate  of  alumina.  On  the  other  hand,  the  mode  of  alteration  of  oli- 
vine has  been  studied,^  and  we  know  that  both  magnesia  and  silica  are 
removed,  the  former  in  excess  and  therefore  probably  as  carbonate, 

*  Way  quoted  by  Hant,  op.  cit.,  $  97. 

*Hont,  op.cit.)  H  98-99.    Fouqu6  ot  L^vy,  Synthase  des  min^raux  et  dea  roches, 
pp.  32,  134,  lCl-164.  Paris,  1882. 
»  •Rbth,  Chem.  Geol.,  Vol.  I,  pp.  112,  141-160,  305-334,  Berlin,  1879. 

^Both,  Chem.  Oeol.,  p.  113. 
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iwbich,  as  such,  in  not  an  uuuomuiou  occuireuce  amoiig  tliese  rocks. 
Iroti  vould,  of  coarse,  ba  di»Bolvetl  ia  ttie  same  tuauner  as  luagDoaia. 

Juliet],  in  his  paper  already  cited,  says  (page  147): 

The  coratidDiu  itavll  is  in  all  cmm,  both  in  tbe  reius  »□<!  in  the  porticlea  fonnd 
In  the  gabLro,  a  aecouilarf  or  alt«r!itioD  product.  All  tlie  plienomenit  uf  BJteratioo, 
botli  ill  the  vuins  and  rock  maaaea,  abaoliit«lj  n^quim  adiI  cna  be  aimplf  eiplaiual 
bf  tlie  introduction  of  Etsolutiunof  sodaand  aluiuiaa  into  the  GsHHies  aad  interaticvM 
dnrieg  the  period  of  alteration  and  motamorphiHm.  The  combinatioa  of  soda  with 
rflicatw  of  alumina  and  iron,  porhapa  previouely  foimod,  haa  producud  nil  tbn  loiu- 
•nls  of  the  veia  aeries ;  while  tbe  preoipiCatiou  of  the  aluuiina  uatnralty  ensned 
£rom  the  aeparation  of  it«  alkaline  aolvent.  The  qae«tion  then  iireseots  itself  of  the 
itTidenoB  of  the  introdaotion  of  such  a  solution.  This  is  fauud  in  tbe  strata  of 
Wtnblende  gueiaa,  wliich  eveiynbore  HntTOUod  the  dnuyle  beds  and  are  abundaatij" 
traversed  all  along  tbe  dunytobelt  by  huge  veins  of  endogeuoaa  gninit*.  Into  theae 
Ihere  haa  certainly  beoo  an  introdnctiun,  by  aubteirnneaus  thermal  solutions,  of  soda 
tod  alumina,  asahowuboth  by  the  development  uf  a  long  series  of  cry  atalliied  min- 
•nl  silicates  ountniiiing  tbofie  bases  with  other  elements,  and,  elsewhere,  even  by  the 
precipitation  of  corundum  itself  (in  ansociatiou  with  iniiscovite,  margnrile,  and 
ktbite)  in  a  certain  class  of  small  veins  iu  the  jjneissof  limited  occurreucc  but  of  groat 
Interest. 

Professor  Julien's  extended  field  experience  among  tUese  rocks  gives 
great  weight  to  bis  opinion  that  cornndam  ia  a  product  of  rock  altera- 
^on.  It  is,  iudeed,  difficult  to  see  how  a  diBferent  opinion  can  be  ar- 
rived at,  if  these  rocks  are  studied  in  the  field.  In  my  owu  cose,  mj 
fleld  notes,  written  before  I  had  an  opportunity  to  see  hia  valuable  pa- 
per, indicate  the  same  conclusion.  Whether  the  solutions  of  soda  and 
alumina  iiuist  bo  ht^ated  iu  order  to  efiinct  the  production  of  tlicse  min- 
erals is  a  question  to  which,  at  present,  no  definite  answer  can  be  given ; 
but  it  would  seem  that  tbe  ordinary  subai-rial  decay  of  these  rocks  should 
furnish  tbe  necessary  solutions.  Tbe  observations  of  Becker  and  the 
experiments  of  Barns'  show  that  there  i.i  considerable  donbt  as  to  any 
production  of  heat  as  a  result  of  the  kaoliuization  of  feldspar,  and  if 
such  is  the  ease  with  feldspar  it  is  not  likely  that  the  alteration  of  any 
of  the  other  mineral  species  present  in  these  rocks  would  be  attended 
by  any  marked  rise  in  temperature.  We  must  therefore  couclude  that 
the  gneiss  can  fnrui^b  an  alkaline  solution  of  alumina  and  the  dunyte 
a  solution  of  magnesia  without  the  production  of  beat  and  perhaps 
without  its  aid.  Unless  beat  be  absolutely  necessary,  either  for  the  pro 
duction  of  these  solutions  or  for  the  formation  of  the  contact  minerals, 
we  have  no  need  for  the  introduction  from  a  deeper  source  of  a  heated 
solution  of  alumina  and  soda,  as  the  solutions  furnished  by  the  rocks 
at  tbe  contact  should  be  sufEcient  for  tbe  purpose,  and,  by  their  meeting 
at  tbe  contact  of  the  formations,  give  rise  to  the  reactions  stated  above, 
namely,  tbe  production  of  cblorites  and  vermiculites,  and,  if  the  neces- 
sary conditions  of  proportion  are  reached,  of  alumina  or  corundum. 
That  these  conditions  are  often  lacking  is  shown  by  tbe  comparative 


'G.  F.  Becker,  Geol.  of  Comatock  Lode,  Mou.  U.  S.  Geol.  8>irv.,  Vol.  Ill,  Chaps, 
VII  and  IX. 
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rarity  of  the  occurrences  of  coruiidiini  when  the  number  of  such  chlo- 
rite bearing  contacts  is  considered. 

Among  the  miners  chlorite  or  vermiculite  is  considered  a  ^^  corundum 
sign,"  and  they  follow  it  as  long  as  it  holds  out.  The  chlorite  veins  often 
extend  for  some  distance  into  the  dunyte,  as  should  be  expected  when 
we  consider  the  thoroughly  fractured  condition  of  the  dnnyte,  with  its 
consequent  spheroidal  alteration  forms;  but,  in  such  cases,  the  connec- 
tion with  the  contact  can  generally  be  traced.  In  the  same  manner  the 
chlorite  seams  may  extend  into  the  gneiss. 

It  has  already  been  said  that  the  dunyte  of  Corundum  Hill  lies  be- 
tween hornblende  gneiss  and  mica  schist.  The  same  can  be  said  of  the 
locality  at  IJnionville,  Chester  County,  Pennsylvania,  and,  to  a  cer- 
tain extent,  of  that  at  Chester,  Massachusetts. 

Mr.  W.  W.  Jefiferis  has  kindly  furnished  me  with  much  information 
about  the  former  place,  where  the  serpentine  (probably  resulting,  as 
stated  by  Genth,^  from  the  alteration  of  chrysolite  rocks)  lies  between 
mica  schist  on  the  north  and  hornblende  gneiss  on  the  south.  The 
great  mass  of  corundum  which  was  found  at  this  place  lay  on  the 
north  side,  in  the  serpentine,  a  short  distance  from  the  mica  schist,  and 
was  accompanied  by  chlorite.  ^'  It  was  between  well  defined  walls  of 
serpentine"  (Jefiferis).  At  a  point  on  the  south  side  of  the  serpentine, 
at  the  contact  with  the  hornblende  gneiss,  is  ^^  a  digging  15  feet  deep, 
which  produced  500  pounds  of  extra  fine,  blue  corundum,  similar  to  the 
blue  from  Jlacon  County,  North  Carolina.  Culsageeite  occurs  here  iden. 
tical  with  the  North  Carolina  specimens.  Both  the  corundum  and  the 
culsageeite  are  so  much  like  the  Carolina  mineral  that  it  is  difiSicult  to 
tell  them  apart"  (Jefiferis). 

The  deposit  at  Chester,  Mass.,  is  a  vein  of  emery  situated  nearly  in 
the  center  of  the  Green  Mountain  chain. 

It  is  included  in  the  metamorphic  series  of  rocks,  here  consisting  of 
vast  breadths  of  gneiss  and  mica  slate,  with  considerable  interpolations 
of  talcose  slate  and  serpentine.  Strike,  N.  20°  E.-S.  20^  W. ;  dip  from 
vertical  to  750-80^,  sometimes  east,  sometimes  west.  The  immediate 
vicinity  of  the  mine  presents  a  succession  of  lengthened  rocky  swells, 
the  longer  axis  of  the  elevations  generally  coinciding  with  the  direc- 
tion of  the  strata. 

The  emery  vein  traverses,  in  an  unbroken  line,  the  crests  of  two  of 
these  a^'acent  mountains,  and  is  about  4  miles  long  and  about  4  feet 
wide.  It  lies  at  the  junction  of  the  gneiss  with  the  mica  slate,  just 
within  the  western  edge  of  the  gneiss,  having  throughout  a  layer  of 
gneiss  4  to  10  feet  in  thickness  for  its  eastern  wall.  Between  this  layer 
of  gneiss  and  the  mica  slate  is  talcose  slate  about  20  feet  thick  at  the 

south  end  and  widening  out  at  the  northern  end  to  nearly  200  feet. 

*  '• ' ~ ——^— ——__—_— —_«.-« 

»Genth,  Am.  Jour.  Sci.  (II),  XXXIII,  p.  202,  1862. 
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Tlie  gueias  in  highly  Uonililomlic;  wlicro  burnlilvuilc  is  run!,  cpidnt* 
ia  found.  Quartz  is  very  deliciout  and  no  corundum  m  found  in  the 
.goeiss.  Tlie  talcoBC  slate  carries  soapstone,  chlorite,  tatcose  doloiuitf, 
&c.,  and  contains,  here  and  there,  cornndnm.  Quartz  is  very  rare.  In 
the  vein  are  found  corundum,  magnetite,  margarite,  ripidolitc,  biotite, 
andestite,  tourmaline,  and  titaniferons  iron.' 

Whether  or  not  this  localitj-  can  be  placed  with  those  already  de- 
■cribed  is  a  question  to  which,  not  Iiaring  visited  the  mine,  I  cannot 
give  an  answer.  There  are  many  points  of  similarity,  but  the  2»re«cooe 
of  the  thin  wall  of  gneiss  on  the  eastern  side  of  the  vein  brings  a  dilli- 
oulty  Into  the  consideration  of  the  problem.  The  presence  of  magnet 
ite  must  also  be  explained ;  and,  as  the  action  of  lime  is  here  evident, 
it  may  be  that  this  occurrence  must  be  placed  with  that  of  the  Culln- 
kenee  or  Buck  Creek  Mine,  Clay  County,  North  Carolina,  where  liiiK- 
baa  also  played  a  part,  us  shown  by  the  presence  of  margarite,  zoisile, 
and  oligoclase,  the  last  Carrying  coruudnm. 

The  action  of  lime  brings  ns  to  the  occurrences  of  corundum  in  crys- 
tallized limestone,  of  which  the  emery  deposits  of  Asia  Minor  and  the 
Greek  Islands,  studied  by  J.  li.  Smith,*  are  the  most  important.  In  his 
memoir  he  says : 

lu  over;  iostsDce  1  hare  found  tlic  emcr;  luwot^uled  n-ilb  tlie  old  limestones  ovriT- 
Ijring  mica  ulate,  (^oeiBB,  &,v.  It  la  embcidded  either  Su  tht>  oartli  that  CDvera  tlie  liiuu- 
Btone  OT  in  the  rock  itBolf,  anil  exiirlii  in  waases  from  the  Mza  of  k  pes  to  that  of  aov- 
eral  tons'  weight,  generally  nn^ulur,  Humeliinea  roundod.  and,  whiiu  in  the  latter  form. 
tlif y  do  nut  appv-iir  to  liavi^  birciinio  ao  liy  aflriliiin.  "  '  "  Tlio  eiiii'ry  liiia  been 
formed  and  consolidated  in  tbe  ItniOBtane  in  which  it  is  foond  and  haa  not  been  de- 
tached from  older  Tocks,  as  granite,  gnoiaa,  &c.,  and  ludj^cd  iu  the  limestone  at  the 
timeuf  ila  formation.     Mj  reasons  for  so  tbinking  are  the  following: 

(1)  lu  no  instance  could  the  closest  investigation  of  the  older  rocke  of  these  locali- 
ties that  are  below  the  limestone  furnish  the  slightest  indication  of  the  existence  of 
emery  thvro;  and,  morcoviT,  themasne^Drcinery  in  the  limestone  never  hotlfraftmenta 
of  another  rock  attached  to  them.  A  law  thin  layers  of  mica  sluto  were  fouud  in  the 
limestone,  hut  they  were  not  in  contact  with  the  emery,  nor  contained  any  traces  of 
corundum. 

(2)  The  limestone  immediately  In  contact  with  the  emery  differs  ahuost  iovarisbly 
in  color  and  compositiou  from  the  mass  of  the  rock ;  and  at  Kulat,  where  the  marble 
forming  the  rock  ia  remarkably  pure,  the  part  in  contact  with  the  emery  is  of  a  dark 
yellow  color  reaembling  Hjiathic  iron,  and  contains  a  large  portion  of  nliimina  and 
oxide  of  iron.  The  thickness  of  this  interposing  coat  between  the  emery  and  the 
marble  is  variable;  bat,  what  is  certain,  it  passes  gradually  into  white  marble,  so 
that  their  cryslalline  structures  iiui  into  each  other,  showing  that  they  are  one  and 
the  same  rock.  *  '  >^  What  wo  see  is  just  what  should  be  expected  in  ferrugi- 
nous and  aluminous  minerals  forming  and  separatlug  themselves  from  a  limestone  not 
yet  consolidated. 

Other  reasons  are  given  to  prove  this  point,  and  he  gives  a  most  in- 
structive example  of  a  nodule  of  emery  surrounded  by  two  concentric 
layers,  the  inner  of  chloritoid,  a  hydrous  silicate  of  alumi[i.i  and  iron, 
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the  outer  of  margarite,  a  hydrous  silicate  of  alumina  and  lime.    Finally 
he  says : 

At  some  fotare  thne  *  «  «  it  will  doubtleM  be  foand  that  emery  forms  the  ge- 
oguostic  mark  of  extensive  calcareous  formations  in  that  part  of  the  world.  Just  as  the 
flints  do  in  the  chalk  of  Earope. 

CONCLUSION. 

From  the  foregoing  examples  it  would  seem  that  we  have  three  types 
of  corundum  occurrences : 

(1)  In  chlorites  and  allied  minerals,  the  result  of  contact  alterations 
between  aluminous-alkaline  silicate  rocks  and  magnesian  silicate  rocks. 

(2)  In  soda-lime  feldspars,  mainly  depending  upon  the  same  reac- 
tions as  Ko.  1,  but  complicated  by  the  action  of  lime. 

(3)  In  crystallized  limestone,  represented  by  the  emery  occurrences 
and  that  at  Vernon,  Sussex  County,  N.  J.,  described  by  W.  P.  Blake.^ 
As  to  the  character  of  the  reactions  producing  this  last  class  of  occur- 
rences, I  am  not  at  present  able  to  say  anything,  and  it  will  require  a 
careful  study  of  the  relative  influence  of  magnesia  and  lime,  in  this 
connection,  before  any  hypothesis  can  be  stated.' 

In  considering  the  second  type  the  facts  that  the  feldspar  is  always  a 
soda-lime  feldspar,  that  it  is  found  in  connection  with  occurrences  of  the 
first  type,  and  that  margarite  and  other  lime  minerals  are  found  in  asso- 
ciation point  to  a  modification  of  type  No.l  through  the  action  of  lime. 
If  the  ^< hornblende  gneiss''  of  the  Buck  Greek  or  Cullakenee  Mine 
proves  to  be  diorite,  as  has  been  stated,  then  we  may  be  able  to  form  a 
simpler  idea  of  the  course  of  the  reactions. 

The  mode  of  origin  of  the  duny  te  is  readily  seen  to  be  foreign  to  that 
of  the  corundum,  since  the  chemical  reactions  involved  in  the  produc- 
tion of  the  latter  are  practically  the  same  under  each  theory.  If  a 
chemical  origin  be  assigned  to  the  dunyte,  then  the  corundum  and  chlo- 
rite would  be  formed  posterior  to  the  gneiss  and  anterior  to  the  dunyte, 
or  even  vice  versa.  If  either  the  mechanical  sedimentary  or  the  igneous 
theory  be  assumed,  then  the  corundum  is  posterior  to  both  gneiss  and 
dunyte  and  contemporary  with  the  chlorite  (and  vermiculite),  the  two 
being  equally  alteration  products.  On  the  whole,  it  would  seem  that  an 
igneous  origin  for  the  dunyte  offers  the  simplest  explanations. 

That  the  chlorite  and  the  corundum  are  contemporaneous  is  made 
evident  by  the  intimate  manner  in  which  the  two  have  crystallized 
together.  In  general  the  plates  of  chlorite  would  seem  to  have  attained 
considerable  size  before  the  corundum  began  to  deposit  and  fill  up  the 
interstices,  so  that  we  have  compact  masses  ranging  all  the  way  from 
almost  pure  corundum  to  almost  pure  chlorite.  The  '^  block  corundum  - ' 
of  Laurel  Creek  is  an  example  of  the  first  class,  while  the  '^  sand  vein 

»Am.  Jour.  Sci.  (II),  XIII,  p.  llt>,  16^)2;  C  U.  Shepard,  Am.  Jour.  Sci.  (Ill),  IV, 
p.  179. 
« J.  I^  Smith,  Am.  Jour.  Sci.  (Ill),  VI,  p.  1IS2. 
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ehlorite"  of  the  same  plara  bUows  tbe  latter  form.  While  perfectly 
formed  crystalia  of  pare  conindiiin  are  not  Qucommon,  we  freqnently  find 
orystalB  with  regular  faces,  bat  apparently  formed  in  a  solution  having 
Iftrge  aumliers  of  smrtll  plates  of  chlorite  or  vermienlite  floating  in  it,  8<i 
that  the  coruDdum  crystals  carry  many  of  the  folia  inclosed  in  thum. 
If  such  a  crystal,  carrying  verniicnlitc,  is  boiled  ic  acid,  the\-ermiculiie 
is  decomposed  and  more  or  less  of  tbe  crystal  disintegrates  into  corun, 
idnm  sand.  Such  crystals  are  found  at  Corundnm  Hill  and  specimens 
exist  in  the  collection  of  tbe  National  Museum. 

AVlietber  or  not  tbe  vermiculites  are  to  be  considered  as  resulting 
from  tbe  alteration  of  chlorites  is  a  disputed  point.  Specimens  are  fre- 
■qnently  found  which  sbow  an  apparent  change  from  chlorite  into  ver- 
miculite,  the  dark  green  folia  of  the  one  passing  into  the  yellow  brown 
'  of  the  other,'  but  in  moat  cases  it  is  difUcuIt  to  resist  theconcliii'iiou  that 
the  chlorite  now  found  with  tbe  vermiculite  is  not  the  residue  of  a  proc- 
ies8  which  has  converted  the  rest  into  vermiculite.  Such  specimens  fh)ni 
<joruudum  Hill  show  tbe  chlorite  apparently  perfectly  fresh  and  tbe 
form  of  tbe  mineral  entirely  distinct  from  that  of  tbe  associated  verinic 
nlite,  being  usually  much  more  broadly  foliated.  Moreover,  we  find 
;  Beams  containing  but  little  chlorite,  the  corundnm  being  surrounded  by 
'  vermicnlite,  while,  but  a  short  distance  away  and  under  apparently  like 
i  eonditions  of  exposure  and  weathering,  veins  are  found  filled  with  chlo- 
rite almost  free  from  vermicnlite.  In  this  connection  the  obaervatioos 
of  Cooke'  are  very  interesting,  and  from  wliat  wo  kuow  at  pre.sont  the 
derivation  of  one  from  the  other  is  very  doubtful.  As  to  the  relation  of 
the  chloritea  (including  vermiculites)  to  corundum,  it  is  possible  that 
this  mineral  may,  in  the  process  of  alteration,  occasionally  furnish  them ; 
still,  so  far  as  field  experience  teaches,  these  minerals  are  the  original 
gangue  of  the  corundum  and  are  not  derived  from  it.  The  valuable  re- 
searches of  Dr.  Gentli  have  shown  that  this  mineral  does  alter,  and,  in 
so  doing,  produces' many  different  mineral  species;  but  whether  any 
given  mineral  occurring  with  corundum  is  a  result  of  tbe  alteration  of 
the  latter  must  be  determined  for  each  case  by  the  examinatio.Q  not 
only  of  tbe  specimen  but  of  its  field  surroundings  also-  Even  when  we 
have  before  us  an  apparently  decided  pseudomorph  of  some  mineral 
after  corundum  it  may  prove  U>  be  only  a  case  of  envelopment,  and 
this  is  particularly  likely  to  be  tbe  case  where  the  mineral  in  question 
is  found  free  from  corundum  in  tbe  same  vein  or  even  the  same  local- 
ity. Both  damourite  and  margarite  are  found  enveloping  corundum, 
the  outlines  of  tbe  mass  closely  imitating  tbe  form  of  tbe  inclosed  crj-s- 
tal,  so  as  to  be  easily  mistaken  for  a  true  pseudomorjih,  and  yet  both 
of  these  minerals  occur  with  corundum  in  such  a  manner  that  it  is  hardly 
possible  to  conceive  that  they  are  derived  from  it.     The  same  may  be 

I  Gontb,  op.  cit.,  187:!,  Bcetiou  "  Jofferisito." 
'  Cooko,  Proc.  Am.  Acail.,  Vol.  IX,  iiji.  43-50,  1874. 
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said  of  the  lime-soda  feldspars,  which,  in  general,  present  all  the  appear- 
ance of  a  gangue  and  not  of  an  alteration  product. 

In  conchiding  this  paper  it  may  be  said  that  the  information  on  this 
sabject  which  has  been  gathered  by  different  observers,  while  in  the 
aggregate  of  considerable  extent,  is  so  far  neither  sufficient  nor  of  a 
character  to  enable  any  one  to  speak  with  any  great  degree  of  confi- 
dence as  to  the  mode  of  origin  of  this  interesting  mineral.  Much  more 
work,  both  in  the  field  and  in  the  laboratory  is  necessary;  and,  as  a 
thorough  investigation  in  this  direction  cannot  fail  to  elucidate  many 
points  of  great  value  to  chemical  geology,  it  is  to  be  hoped  that  such 
work  will  be  done.  The  value  of  corundum  from  the  practical  stand- 
point, the  ease  with  which  it  can  be  recognized  when  occurring  with 
other  minerals,  the  great  scientific  impoHance  of  alumina,  not  only  in 
its  pure  and  crystallized  condition,  but  also  as  a  principal  constituent  of 
the  earth  crust,  and  therefore  playing  a  part  in  almost  all  geognostic 
reactions,  its  varied  and  sometimes  inexplicable  chemical  behavior, 
all  tend  to  promise  a  rich  return  to  the  well  equipped  investigator. 
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►A  METHOD  FOB  THE  SEPARATION  AND  ESTIMATION  OF  BORIC 
ACID,  WITH  AN  ACCOUNT  OF  A  CONVENIENT  FORM  OF  APPA- 
RATUS  FOR  QUANTITATIVE  DISTILLATIONS, 


In  all  successful  methods  for  theestimationof  borwiacKl,  itBCompara- 
'tlve  isolation  is  a  necessary  preliminary.  Fortunately,  tUo  removal  of 
hearly  every  thing  which  interferes  serionsly  with  the  proper  execatlon 
of  methods  is  not  particularly  arduous,  but,  of  ordinarily  occnrring 
'sabstances,  two,  silica  and  alumina — both  very  coiiimonly  associatetl 
irith  boric  acid  —  are  especially  annoying  in  this  regard.  In  the  sep- 
aration of  alumina  tlie  trouble  lies  in  the  tendency  of  ihe  precipitated 
hydrate  to  carry  and  retain  boric  acitl,'  so  that  the  two  cannot  be 
parted  by  meuos  of  ammonia  or  ammonia  etall^;  with  eiillfla,  the  diffi- 
culty is  in  removing  it  completely.  The  volatility  of  boric  acid  fitandfl, 
of  course,  absolnt«ly  in  the  way  of  treating  witli  acid  and  evaporating 
I'to  dryness,  mid  every  chemist  knows  the  vainnesx  of  attempting  to 
precipitate  silicii  by  means  of  ammonia,  ammonia  salts,  or  zlno  oxide 
in  iinnnoiii;i.  In  Slmnicyci's  tnellioiF  tlie  i>resfiice  of  silica  !.■*  pe- 
culiarly harmful,  since  iu  passing  to  the  condition  of  potassium  flao- 
8ilicate  this  substance  nearly  qnadruples  its  weight,  and  to  free  the 
potassium  fluoborate  from  contaminating  fluosilicate  requires,  accord- 
iug  to  Fresenius,^  at  least  six  treatments  by  solution  in  boiling  water, 
the  addition  of  ammonia,  aud  evaporation  to  dryness.  Wohler*  recom- 
mends evaporating  the  hydrochloric  acid  solution  to  dryness  in  a  flask 
fitted  to  a  condenser,  collecting  the  distillate,  reuniting  the  latter  with 
the  residue,  and  filtering  from  silica;  and  the  operation  is  successful  so 
far  as  the  complete  removal  of  silica  is  concerned,  but  the  alumina,  if 
present,  is  still  in  condition  to  give  annoyance,  and  the  other  bases  are 
yet  to  be  separated. 

Advantage  has  long  been  taken  of  the  volatility  of  free  boric  acid 
with  hydrofluoric  acid  or  with  alcohol  to  secure  its  removal  from  fixed 
substances,  but  so  far  as  I  know  no  attempt  has  been  made  heretofore 
to  secure  its  complete  volatilization  aud  estimation  in  the  distillate.  The 
experiments  which  I  proceed  to  describe  are  the  result  of  an  effort  to 
accomplish  this  end. 

'^^     '^uhlcr,  Auc.  Chem.  uiiil  PlmniiTcXLi,' p!"aw. 

■Anu.  Cbeni.  und  Ptaarui.,  C,  p.  &i. 

'  Qiiant.  Chcm,  Anal.,  p.  424. 

*  Hiiuilboiik  of  Mitieral  Analrsia,  auilcr  Dathotita 
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Aside  from  the  difficulties  ia  manipulation  and  in  the  constmction  of 
apparatus  which  the  use  of  hydrofluoric  acid  would  involve,  this  rea- 
p^ent  is  otherwise  plainly  inapplicable  to  the  purpose  in  view,  and  of 
other  agents  with  which  boric  acid  is  known  to  volatilize  fireely  methyl 
alcohol  seems  to  present  the  most  desirable  qualities.  Methyl  alcohol, 
ethyl  alcohol,  and  water  are  effective  in  the  order  in  which  they  are 
named.  Thus  to  volatilize  1  grm.  of  boric  acid — the  equivalent,  speak- 
ing roughly,  of  about  0.5  grm.  of  boric  anhydride — two  treatments  with 
10  cm.^  of  methyl  alcohol  and  evaporation  to  dryness  in  each  case  were 
adequate;  for  the  volatilization  of  0.2  grm.  of  boric  acid  were  required 
two  treatments  of  10  cm.^  each  of  ethyl  alcohol,  succeeding  an  evapora- 
tion with  50  cm.^  of  the  same  alcohol ;  and  the  residue  of  five  evapora^ 
tions  of  water  over  0.4  grm.  of  boric  acid,-  taking  in  each  case  50  cm.^ 
of  water,  followed  by  ignition,  weighed  0.08  grm.,  or  one-fifth  of  the 
original  weight.  In  the  presence  of  water,  methyl  alcohol  is  not  equally 
effective;  amyl  alcohol  and  sulphuric  acid  restrain  its  action  similarly, 
doubtless  by  dilution  simply,  and  hydrochloric  acid  seems  to  possess 
no  advantage  over  water  alone  in  developing  the  volatility  of  boric 
acid.  As  an  example  an  experiment  may  serve  in  which  a  solution  of 
0.4  grm.  of  boric  acid  in  50  cm.^  of  water,  after  being  heated  three  times 
successively  with  25  cm.^  of  methyl  alcohol  until  the  boiling  point  rose 
in  every  case  nearly  to  that  of  water,  and  then  evaporated  to  dryness, 
left  a  large  residue  which  disappeared  with  a  single  charge  of  25  cm.^ 
of  methyl  alcohol  applied  by  itself. 

From  the  residue  of  the  evaporation  of  borax  with  hydrochloric, 
nitric,  or  acetic  acid,  methyl  alcohol,  as  would  naturally  be  predicted, 
volatilizes  the  boric  acid  freely,  though  the  presence  of  foreign  ma- 
terial acts  to  a  certain  degree  protectively  and  tends  to  diminish  the 
rapidity  with  which  the  alcohol  would  otherwise  effect  extraction  and 
volatilization.  In  case,  however,  that  acetic  acid  is  used  to  break  up 
the  borate,  the  tendency  of  sodic  acetate  to  lose  acid  and  become  alka- 
line simply  by  exposure  to  evaporation  in  its  aqueous  solution  makes 
it  necessary  to  insure  the  acidity  of  the  residue  of  evaporation  by  add- 
ing a  drop  or  two  of  acetic  acid  before  repeating  the  treatment  with 
methyl  alcohol. 

On  the  whole,  methyl  alcohol  shows  itself  to  be  an  excellent  agent  by 
which  to  secure  the  volatilization  of  boric  acid. 

To  retain  free  boric  acid,  magnesium  oxide  naturally  suggests  itself. 
According  to  Marignac^  it  is  effective,  and,  if  in  the  course  of  analysis 
it  may  have  been  partly  converted  to  the  chloride,  it  is  easily  regener- 
ated by  the  action  of  heat  and  moisture.  Marignac,  it  will  be  remem- 
bered, makes  use  of  magnesia  mixture — the  chlorides  of  ammonium  and 
magnesium  with  free  ammonia — to  fix  the  boric  acid,  evaporating  the  so- 
lution to  dryness,  igniting,  extracting  with  boiling  water,  filtering,  and 
weighing  the  residue,  while  the  filtrate  is  again  treated  as  before  to  re- 

^  Zeitschr.  anal.  Chem.,  I,  p.  406. 
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cover  traces  of  the  borate  whicb  has  yieliled  to  the  solvent  action  of 
the  water.  During  the  lirying  and  ignition  the  tuagnesium  chloride 
.yields  hydrochloric  acid,  and  it  would  seem  searcely  possible  that  the 
.aiagtiesiiiiu  borate  should  fail  to  show  some  loss  of  boric  acid  when  both 
iliydrochloric  acid  and  moisture  esert  their  action.  Further,  the  presence 
of  ammonia  during  evaporation  does  not  prevent  the  volatilization  of 
boric  acid,^  and  Marignac  regards  the  addition  of  it  from  time  to  time 
as  of  doubtful  use.  So  it  appears  natural  to  look  for  some  loss  under 
8nch  conditions,  and  Marignac  fully  recognizes  the  fact  that  the  appar- 
ent accuracy  of  his  method  is  due  to  the  balancing  of  errors,  the  iuolu- 
sioQ  of  foreign  matter  by  the  magnesium  borate  and  the  deficiency  of 
the  magnesia  when  precipitated  as  ammonio-maguesium  phosphate  to- 
gether compensating  for  the  loss  of  boric  acid  by  volatilization.  To 
bring  the  matter  to  the  test,  the  following  experiments  were  made.  In 
them  and  in  »U  succeeding  experiments  the  borio  acid  was  weighed  iu 
Bolution,  iiib  standard  of  this  having  been  fixed  by  dissolving  in  a 
bnovrn  weight  of  water  a  known  weight  of  fused  boric  anhydride  pre- 
pared in  a  state  of  purity  by  frequent  rccrystallixation.  The  tuagnesium 
oxide  employed  was  made  from  the  pure  chloride  by  precipitating  by 
ammonium  carbonate  and  igniting,  and  was  free  from  lime  and  alkalies 
and  BO  far  aa  could  be  determined  was  otherwise  pure.  The  whole  oi>era- 
tionofeachesperimentwas  conducted  ill  one  vessel,  so  as  to  avoid  trans- 
fers. In  all  casesaweighed  platinum  crucible  of  lOOcm.' capacity  received 
a  weighed  portion  of  magnesia,  and  after  ignition  and  subsequent  weigh- 
ing tlio  weighed  solutiou  of  boric  acid  was  iutiodin:pd.  lu  exix-riuients 
(1 )  to  (i)  the  magnesia  was  thoroughly  stirred  in  the  solution  of  boric  acid, 
the  evaporation  carried  at  once  to  dryness,  and  the  crucible  and  residue 
ignited  and  weighed;  in  experiments  (5)  to  (8),  the  magnesia  was  dis- 
solved, after  the  addition  of  the  boric  acid,  in  hydrochloric  acid  suffi- 
cient in  amount  to  prevent  the  precipitation  of  magnesium  hydrate  on 
the  subsequent  addition  of  ammonia,  ammouia  introduced  in  consider- 
able excess  in  (7)  and  (8),  in  distinct  excess  in  (5)  and  (6),  the  whole 
evaporated  and  iguited,  the  residue  moistened  and  again  ignited,  and 
this  last  treatment  repeated  until  the  residue  ceased  to  yield  vajwr  of 
hydrochloric  acid  when  heated. 

tiliM..  tufc™.  f.iunrt.  fniind.  ''"*"■ 
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0. 1734 
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0.180-1 
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(3) 

0. 1703 

0. 434il 

0.6640 

(■t) 

0.1794 

0.4941 

0.6637 

/-  (S)    0. 1P07 

0.4081 

0.6542 

0.  L-iM 

0.0240- 
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0. 1074 

0.0687 

0.1560 

0.a229- 
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0.  4044 

0.6684 

0. 1740 

0.0066- 

(  (r<)    0. 1780 

0.495!) 

0.C672 

0.1713 

0.0076- 
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From  these  results  it  appears  plain  that  under  the  conditions  of  the 
experiments  neither  magnesia  alone  nor  the  magnesia  mixture  is  efficient 
in  fixing  boric  add ;  but  in  experiments  (7)  and  (8),  in  which  ammonia 
was  employed  in  large  excess,  the  loss  of  boric  acid  is  least;  so  that  it 
would  seem  to  be  the  case  that  though  ammonia  is  not  a  perfect  pre- 
ventive  of  volatilization  it  does  exert  a  restraining  action  on  the  boric 
acid.  That  the  magnesia  mixture  should  be  incapable  of  retaining  en- 
tirely the  boric  acid  present  is,  as  has  been  pointed  out,  not  surprising ; 
but  that  the  loss  should  be  so  great  is  rather  startling,  and  more  than 
suggests  that  the  errors  of  Marignac's  process  are  seriously  excessive. 
The  failure  of  magnesium  oxide  to  hold  back  boric  acid  under  the  con- 
ditions of  the  experiment  must  be  due  to  a  cause  other  than  that  which 
determines  the  loss  during  the  evaporation  and  ignition  of  the  magnesia 
mixture,  and  for  this  it  is  natural  to  turn  to  the  insolubility  of  the 
oxide,  a  quality  likely  to  oppose  some  difficulty  in  the  way  of  estab- 
lishing complete  contact  between  the  boric  acid  and  the  magnesia  dur- 
ing a  short  exposure.  Direct  tests  of  this  point  showed  distinctly  that 
mixtures  of  boric  acid  in  water  and  magnesia,  when  submitted  at  once 
to  distillation,  yielded  boric  acid  to  the  distillate ;  but  that,  if  the  mixt- 
ures were  permitted  to  stand  some  hours  before  distilling,  the  oxide 
passed  to  the  semigelatinous  condition  of  the  hydrate  and  retained 
the  boric  acid  so  firmly  that  turmeric  failed  to  show  the  presence  of  the 
latter  in  the  distillate.  It  is  plain,  therefore,  that  with  sufficient  prelimi- 
nary exposure  magnesia  might  be  relied  upon  to  retain  boric  acid ;  but 
inasmuch  as  long  and  perhaps  somewhat  indefinite  periods  of  waiting 
are  objectionable  in  any  analytical  process,  it  was  thought  best  to  try 
the  effect  of  substituting  lime  for  magnesia.  Experiments  (9)  to  (12), 
conducted  like  the  previous  ones,  excepting  only  the  use  of  carefully 
prepared  and  ignited  calcium  oxide  instead  of  magnesium  oxide,  were 
made  with  this  end  in  view. 


BiOa 

taken. 

CaO 

taken. 

CaO+BtOi 
found. 

B«0, 
found. 

Error. 

grm. 

Krm. 

grm. 

firm- 

grui. 

(9) 

0. 1810 

0.9737 

1. 1500 

0.1823 

0. 0013-}- 

(10) 

0. 1819 

0. 9750 

1. 15a,3 

0. 1833 

0.0014-f 

(11) 

0.1808 

0.9922 

1. leio 

0. 1818 

O.OOlOj- 

(12) 

0.1833 

0. 9715 

1. 1560 

0. 1845 

0.  0012+ 

These  figures  indicate  sufficiently  that  there  is  no  loss  of  boric  acid 
by  volatilization  when  its  aqueous  solution  is  evaporated  in  contact 
with  calcium  hydrate;  but,  inasmuch  as  the  comparative  solubility  of 
the  latter  is  the  quality  which  makes  it  effective  where  magnesia  is  not, 
it  seemed  desirable  to  test  the  action  of  calcium  hydrate  in  alcoholic 
solutions,  in  which  it  is  very  insoluble.  The  experiment  showed  that 
when  the  solution  of  boric  acid  in  methyl  or  ethyl  alcohol  is  put  upon 
lime  and  distilled  at  once  loss  is  apt  to  take  place,  and  sometimes  to  a 
very  considerable  amount,  but  that  a  short  period  of  digestion,  with 
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occasional  stirriog — from  five  to  fifteen  minut«8 — is  saffldcut  to  obviate 
danger  of  volatilization  of  boric  acid. 

It  appears,  therefore,  that,  free  borio  acid  beiug  easily  volatilized  by 
meaus  of  inethjl  alcohol  and  fixed  completely  by  calcic  hydrate,  tie 
Reparation  of  the  acid  from  almost  everythiug  with  which  it  occurs  or- 
dinarily and  its  estimation  subsetinently  depend  only  upon  the  practi- 
Dftbility  of  distilling  it  from  its  coTrpoiinds  in  soch  company  that  it  may 
be  retained  by  lime  and  its  amount  determined  by  the  mcrpase  in  the 
Tcight  of  the  hitter.  Unlike  magucaium  chloride,  calcinm  chloride  does 
not  yield  its  chlorine  readily  under  the  fiction  of  beat  and  iDuistnru 
Batnrally  retained  ;  so  that  hydrochloric  acid  must  not  be  present  with 
boric  acid  which  is  to  be  estimated  in  the  niauuer  described.  Oalcium 
nitrate  and  calcium  acetate  both  yield  the  oxide  without  difficulty  upon 
ignition,  and  nitric  and  acetic  acids  are  suitable  agents,  therefore,  for 
tlie  liberation  of  boric  acid  previons  to  dlstillatiou. 
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The  actual  distillation  presented  at  tirst  some  dilliculty,  for  the  re- 
peated, thorough,  and  rapid  evaporation  of  a  liquid  charged  with  solu- 
hlc  or  insoluble  solid  matter  is  apt  to  involve  some  mechanical  transfer 
to  the  distillate  of  material  which  should  remain  in  the  residue;  but 
the  device  of  the  following  description  solves  the  problem  snccessfblly. 
(08) 
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The  apparatas  whioli  is  shown  in  the  accompanying  cat  consists 
essentially  of  a  retort,  a  condenser,  and  a  bath  lor  heating.  For  the 
last  I  have  used  a  paraffine  bath,  as  being,  on  the  whole,  the  most  con- 
venient. The  condenser  is  set  vertically,  to  facilitate  changing  the  level 
of  the  retort  within  the  bath  and  to  secure  at  the  same  time  con- 
tinual and  thorough  washing  of  the  tube  by  its  own  condensations. 
The  retort,  somewhat  like  the  well  known  drying  tube  of  Liebig  in  gen- 
eral shape,  is  easily  made  of  a  pipette  by  bending  the  tube  at  one  end  to 
a  right  angle,  at  the  other  to  a  goose  neck,  as  shown.  To  the  former 
end  is  fitted,  by  a  rubber  stopper  or  section  of  tubing,  a  glass  funnel 
tube  provided  with  a  stop  cock ;  the  end  of  the  goose  neck  passes  tightly 
through  a  rubber  stopper  in  the  upper  end  of  the  condensing  tube. 
This  is  essentially  the  apparatus,  but  it  is  convenient  to  attach,  to  receive 
» the  distillate,  a  small  Erlenmeyer flask,  which  moves  with  the  condenser 
and  is  joined  to  it,  in  the  manner  indicated  in  the  figure^  by  means  of  a 
thistle  tube  and  a  rubber  stopper  grooved  to  permit  the  free  passage  of 
air.  In  carrying  out  a  distillation,  the  liquid  to  be  distilled  is  intro- 
duced into  the  retort  either  by  the  funnel  tube  or  previous  to  its  inser- 
tion, the  glass  cock  is  closed,  the  water  started  through  the  condenser, 
and  the  retort  lowered  into  the  hot  paraffine,  care  being  taken  to  begin 
the  operation  with  the  retort  not  more  than  half  full  and  so  inclined 
that  only  the  rear  dips  below  the  surface  of  the  bath.  If  the  precau- 
tion to  heat  the  retort  at  the  start  in  this  manner  be  overlooked,  it  may 
sometimes  happen  that  the  sudden  and  violent  expulsion  of  air  through 
the  liquid  will  carry  portions  of  it  bodily  into  the  goose  neck,  and  even 
into  the  condenser.  With  this  point  considered,  the  remainder  of  the 
operation  presents  no  difficulty  and  requires  little  care. 

The  size  of  the  retort  may  be  suited,  of  course,  to  the  particular  case 
in  hand,  but  for  most  purposes  a  200  cm.^  pipette  makes  a  retort  of 
convenient  dimensions,  neither  too  large  for  the  distillation  of  small 
charges  nor  too  small  to  permit  the  treatment  of  100  cm.^  of  liquid  com- 
fortably. The  tube  of  the  goose  neck  should  be  wide  enough  to  pre- 
veipt  the  formation  of  bubbles  in  it ;  0.7  cm.  is  a  good  measure  for  the 
interior  diameter.  It  is  of  advantage  to  heat  the  bath  to  a  point  con- 
siderably above  the  temperature  at  which  the  liquid  which  is  to  be  dis- 
tilled boils  —  something  between  ISO^  C.  and  140^  C.  does  very  well  for 
water  and  is  not  too  high  for  methyl  alcohol — and  under  such  circum- 
stances, and  when  the  retort  is  entirely  submerged,  it  often  happens 
that  evaporation  takes  place  with  extreme  rapidity  from  the  surface  of 
the  liquid  in  perfect  quiet  without  actual  boiling. 

With  such  an  apparatus  the  following  experiments  were  made.  The 
boric  acid  was  weighed,  as  before,  in  solution,  and,  to  bring  the  condi- 
tion of  the  experiment  to  that  of  an  actual  analysis,  1  grm.  of  pure 
sodium  hydrate  was  added  in  solution,  nitric  acid  or  acetic  acid  to 
acidity  and  a  little  more,  and  the  whole  was  introduced  into  the  retort 
and  distilled  to  dryness. 
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III  those  ox  pi?  rim  en  tH  iti  wliicli  nitric  iwid  was  employed,  tbo  luetbjl 
alcohol  was  introdmiwi  upon  the  resiilm;  tlma  dried  in  ais  eaccesaive 
portions  of  10  cui.^  each  and  distilled  to  dryness;  but  la  order  to  break 
Op  the  reeidue  of  fiodinm  nitrate,  which  by  its  insolubility  might  afl'wt 
to  some  extent  the  protection  of  the  boric  aciil  from  the  action  of  the 
slc^hol,  2  cmJ'  of  water  were  introduced  and  evaporated  between  the 
Beoond  and  third  and  again  betweea  the  fourth  and  fifth  distiUationH. 

When  acetic  acid  was  made  use  of  to  free  the  boric  acid,  tbe  six  diK- 
tillations  with  methyl  alcohol  were  made  as  before ;  but,  sodiam  acetate 
being  soluble  in  metbyl  alcohol,  the  intermediate  treatments  with  wat4;r 
were  unueceasarj'.  With  tho  fourth  portion  of  methyl  alcohol  a  fen' 
drops  of  acetic  acid  were  added  to  preserve  the  acidity  of  tbe  residue, 
which,  as  has  been  pointed  out,  tends  to  become  alkaline  under  the 
treatment. 

The  residues  of  both  processes  of  treatment  were  found  to  be  free 
from  boric  acid  by  the  exceedingly  delicate  test  with  turmeric,  care  be- 
ing taken  in  the  series  of  experiments  in  which  nitric  acid  was  used  to 
loxidize  nitrites  by  means  of  bromine  (expelling  the  latter  before  making 
tlie  test),  and  in  tbe  acetic  acid  series  to  acidify  with  hydrochloric  acid 
Bufliciently  to  counteract  the  tendency  of  the  acetate  by  itself  to  browu 
the  turmeric  on  evaporation. 

The  lime  to  retain  the  boric  acid  in  the  distillate  was  ignited  iu  the 
crucible  in  which  the  evaporation  of  the  distillate  was  to  be  made  sub- 
Bequi-ntlj,  and  then  tnmsferrcil  to  thr  rot't'iviriR  tiask  attached  to  the. 
condenser,  so  that  the  boric  acid  might  be  fixed  during  the  distillatiou. 
To  prevent  the  caking  of  tbe  lime  by  the  action  of  the  alcohol,  it  was 
slaked  with  a  little  water  before  the  distillation  was  begun. 

Iu  experiments  (13)  to  (16)  nitric  acid  was  employed  and  in  (17)  to 
('20)  acetic  acid  was  used,  with  the  precaution  noted,  to  liberate  the 
boric  acid. 


8,0, 
Ukvu. 

CrO 

B,0.+CaO 

8,0, 

Error. 

gnu. 

era. 

gnu. 

grm. 

grm. 

(13) 

0.1738 

0.9647 

1.1392 

0. 1745 

0,0007+ 

(14) 

0.1806 

O.MM 

1.  I4r,c 

0. 1817 

0.0011  + 

(IG) 

0.177!) 

0.9665 

1. 1450 

0.J785 

0.0006+ 

(16) 

0.1824 

0.9731) 

1.151^ 

0. 1848 

0.0034+ 

(17) 

0.130C 

i.4559 

l.ft(71 

0. IB12 

0.000C+ 

(18) 

0.  IBla 

0. 1)720 

1. 1.'.43 

0.  1K2.1 

0.0011+ 

(19) 

0.1788 

0.998G 

l.l7el 

0. 171)5 

0.0007+ 

,(20) 

0. 1813 

0.9527 

1.1358 

1).  J8:il 

0.0018+ 

In  experiments  (13)  to  (16)  the  mean  error  amounts  to 0.0012+  grm.; 

iu  experiments  (17)  to  (20)  the  mean  error  is  a  little  more  than  0.0010+ 

grm.    Throughout  the  entire  series  of  experiments  tbe  tendency  to  yield 

figures  slightly  larger  than  tbe  truth  is  manifest,  but  the  error  is  qaite 
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within  legitimate  limits.  The  greatest  care  was  taken  to  secure  simi- 
larity of  conditions  under  which  the  crucible  and  the  lime  were  weighed 
before  and  after  the  evaporation  and  absorption  of  boric  acid,  and  the 
weight  after  Ignition  was  taken  in  every  case  after  cooling  over  sulphuric 
acid  during  a  definite  period  of  ten  minutes,  in  order  to  eliminate  as  far 
as  possible  the  effect  of  atmospheric  condensation  upon  the  large  sur- 
face of  platinum.  Ignitions  were  always  finished  Over  the  blast  lamp, 
and  constancy  of  weights  was  secured. 

The  results  indicate  that  both  modes  of  treatment  are  on  the  whole 
equally  satisfitctory. 

In  the  presence  of  chlorides,  it  is  of  course  impossible  to  employ 
nitric  acid  to  free  the  boric  acid.  Oxalic,  citric,  and  tartaric  acids  also 
liberate  hydrochloric  acid  to  a  considerable  extent  from  alkaline  chlo- 
rideii.  It  was  found,  however,  that  when  acetic  acid  was  distilled  over 
sodium  and  potassium  chlorides  only  traces  of  hydrochloric  acid  passed 
into  the  distillate,  and  experiments  (21)  to  (23)  were  made  to  determine 
whether  these  amounts  are  sufficient  to  vitiate  the  separation  of  boric 
acid  from  alkaline  chlorides  by  distillation  in  presence  of  free  acetic 
acid.  The  details  of  treatment  were  identical  with  those  of  experiments 
(17)  to  (20),  excepting  only  the  addition  of  0.5  grm.  of  sodium  chloride 
to  each  portion  before  distillation. 


BfOs 
taken. 

CaO 
taken. 

BiOi+CaO 
fonnd. 

fonnd. 

Snor. 

(21) 

grm. 
0.1834 

grm. 
0.9842 

gnn. 
1. 1675 

grm. 
0.1833 

grm. 
0. 0001- 

(22) 

0.1^1 

0.9755 

1. 1593 

0.1838 

0.0007+ 

(23) 

0. 1761 

0.9740 

1. 1523 

0.1783 

0.0022+ 

The  mean  error  of  these  results  is  about  0.0009+  grm.,  and  it  is  plain 
that  the  presence  of  sodium  chloride  does  not  materially  change  the  con- 
ditions of  the  experiment.  There  seems,  therefore,  to  be  no  reason  why 
boric  acid  may  not  be  separated  by  distillation  from  alkaline  chlorides 
in  preseuce  of  free  acetic  acid ;  but  it  was  found  that  the  presence  of 
any  considerable  amount  of  potassium  acetate  is  disadvantageous. 
Sodium  acetate  to  a  reasonable  amount  does  not  interfere  with  the  favor- 
able  progress  of  the  separation  ;  but  potassium  acetate  appears  to  re- 
quire a  much  higher  temperature  for  the  expulsion  of  its  water,  and 
longer  distillation. 

When,  therefore,  chlorides  are  present  in  the  salts  from  which  boric 
acid  is  to  be  removed  by  distillation,  the  choice  is  open  between  two 
methods.  The  distillation  may  be  made  directly  with  an  excess  of  acetic 
acid  ;  or  the  hydrochloric  acid  may  be  first  removed  by  means  of  silver 
nitrate  and  the  distillation  of  the  filtrate  proceeded  with  at  once  or 
after  precipitation  of  the  excess  of  silver  salt  by  means  of  sodium  hy- 
drate or  carbonate,  care  being  taken  to  acidify  again  sufficientl}'  with 
nitric  acid  after  the  removal  of  the  silver.  Of  these  two  modes  of  proceed* 
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log,  I  iuoltue  to  the  treatmout  witb  uitric  acid  ami  the  removal  of  the 
(^luriiie  by  preoipitatioD ;  ami  this  inethoil  lias  been  uaed  with  success 
by  others  as  well  as  myself  for  soiue  mouths  in  the  acab'sis  of  waters 
iearrying  boric  acid  and  nataral  borates. 

The  process  in  either  modification  is  fairly  occnrate  and  easily  exe- 
ooted  aad  ailmits  of  very  wide  application.  Insoluble  compounds  iu 
which  the  boric  acid  is  to  be  determined  may  be  dissolved  in  nitric  acid 
■t  once, or,  if  necessary,  Qrst  iusi'd  with  sodium  carbonate;  and,fortn- 
nately,  nearly  everything  wUicU  is  volatile  in  the  subsequent  treatment 
ftud  capable  of  forming  with  lime  compounds  not  easily  decomposable 
by  heat  may  be  removed  by  knowu  processes.  The  combination  of 
Snorine,  silica,  and  boric  acid  is  perhaps  most  difficult  to  treat;  bat  the 
precipitation  and  removal  of  the  first  as  calcium  fluoride  from  the  aqne- 
ons  solution  of  a  fnsiou  in  alkaline  carbonate  may,  it  is  believed,  1>e  ef- 
fected with  care,  and  the  mode  of  procedure  from  that  point  is  simple. 

The  number  of  distillations  necessary  depends,  of  course,  upon  the 
■mountof  boric  acid  treated.  To  remove  0.2  grm.  of  boric  anhydride 
pompletely  to  the  distillate,  six  charges  of  methyl  alcohol,  of  10  cm.^ 
iSaeb,  proved,  as  we  have  seen,  to  be  ample. 

The  apparatus  by  the  aid  of  which  the  distillation  processes  which 
have  been  described  were  carried  out  has  found  useful  application  in  a 
Bomber  of  other  processes.  In  the  determination  of  free  andalbamiooid 
Humonia  iu  waters  which  can  be  boiled  quietly  witb  difficulty,  in  the 
methods  of  estimiU.ing  tiydmfluoric  acid  wliich  involve  the  expulsion  of 
silicon  fluoride  from  a  mixture  of  the  fluoride  with  sulphuric  acid  and 
silica,  in  the  separation  of  iodine  from  bromides  and  chlorides  by  dis- 
tilling witb  ferric  sulphate  and  sulphuric  acid  and  of  bromine  from 
chlorides  by  means  of  permanganic  acid,  it  has  proved  of  value,  and  it 
will  doubtless  be  found  convenient  iu  many  analytical  processes  in  which 
Quantitative  separations  by  the  distillation  of  liquids  liable  to  spatter 
or  boil  explosively  are  involved. 
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A  METHOD  FOR  THlB  SEPARATION  OP  SODIUM  AND  POTASSIUM 
FROM  LITHIUM  BY  THE  ACTION  OF  AMYL  ALCOHOL  ON  THE 
CHLORIDES*  WITH  SOME  REFERENCE  TO  A  SIMILAR  SEPARA- 
TION  OF  THE  SAME  FROM  MAGNESIUM  AND  CALCIUM. 


By  F.  a,  Gooch. 


For  the  quantitative  separatiou  of  lithiam  from  sodium  and  potas- 
sium Mayer's  method/  which  is  based  upon  the  precipitation  of  lithium 
as  the  tribasic  phosphate,  and  Bammelsberg's^  mode  of  parting  the 
chlorides  by  means  of  a  mixture  of  anhydrous  alcohol  and  ether  in 
equal  parts  have  been  available. 

The  method  of  Mayer  grew  out  of  the  older  process  of  Berzelius,^ 
which  consisted  essentially  in  treating  the  solution  of  the  alkaline  salts 
with  phosphoric  acid  and  sodium  carbonate  in  excess,  evaporating  to 
dryness,  and  extracting  with  cold  water.  The  result  of  a  single  analy- 
sis of  the  product  thus  obtained  was  the  testimony  upon  which  Berze- 
lins  rested  the  belief  and  statement  that  tbe  salt  was  a  double  phos- 
phate of  lithium  and  sodium,  which  left  upon  ignition  sodium  and 
lithium  pyrophosphates  in  equal  molecules ;  and  on  this  Berzelius  based 
his  process  for  the  estimation  of  lithium.  Eammelsberg,^  however, 
showed  later  that  it  was  a  tribasic  phosphate  which  wa«  actually  ob- 
tained, and  from  his  experiments  arrived  at  the  conclusion  that  the 
proportions  of  soda  and  lithia  were  variable  within  wide  limits,  the 
amounts  of  the  former  varying  in  the  special  cases  investigated  from 
7.84  per  cent,  to  28.38  per  cent. ;  and  the  same  thing  in  substance  was 
reiterated  subsequently*  in  an  account  of  a  repetition  of  the  work  sug- 
gested" by  the  criticism  of  Mayer.  Mayer,^  however,  was- unable  to  pre- 
pare under  any  conditions  the  double  phosphate  of  Bammelsberg,  and 
obtained  invariably,  when  the  preparation  had  been  washed  with  suffi- 
cient care,  trilithium  phosphate  free  from  sodium;  but  the  point  was 
made  that  the  phosphate  is  apt  to  be  contaminated  with  lithium  car- 
bonate when  sodium  carbonate  is  employed  to  bring  about  alkalinity. 


» Ann.  Chem.  n.  Pharm.,  XCVIII,  p.  193.  *  Loc.  cit. 

«  Fogg.  Ann.,  LXVI,  79.  « Pogg.  Ann.,  CXI,  443. 

3  Id.,  IV,  245.  c  Loc.  cit. 

(73)  73 


WASHINGTON   LABORATOEV.  lavu.a 

Mayor  tliereforo  mofliGeR  tliu  mctlioil  of  lIorzeliiiB  1)y  Bnbstitittiii<; 
Bodinm  liy(]rat«  for  tlifl  ciirt>unikt<!,  anil,  procuL-dtti^;,  uvapomteH  to  dry- 
ness, treats  tlie  dry  mass  with  as  tuucli  watur  !»3  is  needed  to  disaolvp 
Hie  solable  saltn  with  t)io  nid  of  lient,  adds  a  drop  or  two  of  sodium 
hydrate  if  necessary  to  restore  alkalinity,  and  then  aiDOiouia  in  volume 
\  «qual  to  that  of  the  water  already  added,  sets  aside  at  a  gentle  beut, 
filters  only  after  tirelve  hours,  and  washes  with  a  mixture  of  ammouiu 
Bud  water  iu  equal  parts.  From  the  filtrate  and  first  wasbtngs  a  small 
'  smoaut  of  the  lithium  phosphate  is  to  be  recovered  by  evaporation  and 
\  the  repetition  of  the  former  treatment.  Accordiup  to  Mayer  the  pre- 
1  isipitatioa  of  the  phosphate  may  be  eflected  with  equal  completene!!s 
f  l)y  boiling  the  solution,  prepared  as  before,  iustead  of  evaporating  it ; 
1  but  the  objection,  to  this  mode  of  proceeding  ia  the  tendency  of  the 
i  liquid  carrying  the  precipitate  to  bnmp  explosively.  Careful  washing;, 
'  somewhat  prolonged,  is  essential  to  secure  the  complete  removal  uf 
,  ealt^  of  sodium  and  potaHsium,  and  it  is  remarked  that  the  purity  uf 
I  the  precipitate  is  shown  by  its  failure  to  cake  when  strongly  ignited. 

This  is  the  mode  of  proceeiliug  by  which  Mayor  separates  lithinm 
'Itom  sodium  and  i>otassiuai,  isolating  it  as  presumably  pure  trilithiiim 
phosphate  and  weighing  it  as  tho  aubydrons  salt.  In  dealing  with 
'.pLixtures  of  the  chlorides  in  which  the  proportion  of  the  lithinm  salt  i* 
rrelatively  small,  the  removal  of  the  greater  part  of  sodium  and  potas- 
iBiuin  chlorides,  by  a  preliminary  treatment  with  absolute  alcohol  in 
recommeuded.  The  following  tabU^  cniiiinisi-s  {h<-  results  of  flayer's  test 
analyses  of  lithium  carbonate  iu  the  (ii.-t  si'vi'ii,  nf  lithium  sulphate  in 
the  last  two,  recalculated  with  the  use  of  the  luimber  7  —  the  flgnre  now 
generally  accepted  —  as  the  atomic  weight  of  lithium. 

■'''^to'.IirtLhiS"  Li.PO,f„um!.  Error, 

gnu.  grm.  Knu. 

1.358C  1.3719  0.0133+ 

1.5172  l.r>0a8  0.00(M- 

0.7519  0.75)30  0.0061-)- 

O.lKiCi  O.iP510  0.0051— 

1.2G51  1.2640  0,0005- 

1.2197  1.20)  0.0033+ 

O.rtWl  O.OOIS  0.0027+ 

1.1325  1.  1236  0.0080— 

0.97I5  0.9(*r.  0,0050— 

Fresenius' found  on  examining  the  method  that  several  repetitions 
of  the  treatment  by  evaporation  and  extraction  were  required  to  com- 
plete the  recovery  of  all  lithium  phosphate,  and  advised  that  the  opera- 
tion be  contiuued  until  residual  lithium  phosphate  fails  to  appear.  The 
results  of  Fresenius's  experiments  with  lithium  carbonate,  recalculated 

I  Zeitachr.  anal.  Cbem.,  I,  p.  43. 
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with  the  use  of  the  nnmber  7  as  the  atomic  weight  of  lithium,  are  given 
in  the  table  appended. 

LisP04  equiTAlent  Li3P04  found.  v^^^^ 

toMltUkeD.  Dried  fttlOOoC.  Ignited.  *'"®'^- 

gnn.  gi'iQ*  crm.                        gnu. 

f  after  two  troatmeuts  0. 7243  0. 0200  — 

0.7443         <  "    three         '»          0.7385                0.0058- 

l  "    four           "         0.7433                U.OOIO- 

C  0.9861                0.0041+ 

^•^^^        {                                      0.9826  0.0006-f- 

(  1.6342                0.0001-f. 

^•^^^        ]                                       1.6305  0.0036- 

Thus  it  will  be  seen  that  in  the  nine  experiments  of  Mayer  the  error 
ranges  from  0.0133+  grm.  to  0.0089  —  grm.,  and  that  of  the  determina- 
tions of  Fi^esenius  from  0.0001+grm.  to  0.0041+grm.  for  the  dried  pre- 
cipitate and  from  0.0006+  grm.  to  0.0036  —  grm.  for  the  ignited  precipi- 
tate. 

If  the  tendency  of  lithium  carbonate  to  fall  in  company  with  the  phos- 
phate were  not  to  assert  itself  during  the  evaporations  of  solutions  of 
salts  of  lithium  in  presence  of  sodium  hydrate  and  in  contact  with  or- 
dinary atmospheric  air,  it  would  surely  be  strange,  and  this  point  may 
be  fairly  set  down  as  one  of  the  weak  ones  of  the  method ;  but  the 
gravest  source  of  error,  and  that  indicated  most  unmistakably  through- 
out the  whole  history  of  the  process  —  which  has  been  recounted  at  some 
length  for  the  purpose  of  emphasizing  this  very  matter — is  the  impos- 
sibility of  preparing  the  lithium  phosphate  in  anything  like  a  condition 
of  freedom  from  other  alkaline  phosphates  without  a  carefal  and  pro- 
longed washing,  which  is  sure  to  result  in  loss  of  the  lithium  salt  by 
solution.  When  it  is  remembered  that  according  to  Mayer^s  determina- 
tions trilithium  phosphate  requires  for  solution  only  2,539  parts  of 
water  or  3,920  parts  of  a  mixture  of  ammonia  and  water  in  equal  por- 
tions, it  is  plain  that  the  success  of  the  method  depends  upon  the  abil- 
ity of  the  analyst  to  wash  to  a  condition  of  purity,  and  without  loss  of 
that  which  it  is  the  purpose  of  the  process  to  save,  a  precipitate  pecul- 
iarly prone  to  retain  foreign  matter  and  soluble  in  the  washing  mixture 
in  the  proportion  of  10  milligrams  to  every  40  cm.^  of  the  latter.  Of 
course  washings  will  never  be  entirely  saturated,  nor  will  the  precipi- 
tate be  as  soluble  at  the  beginning  of  the  operation  as  at  the  end,  when 
the  precipitant  no  longer  exerts  an  action  which  tends  to  lessen  solubil- 
ity ;  but  in  view  of  the  difficulties  which  present  themselves,  it  is  suffi- 
ciently obvious  that  exact  results  obtained  by  Mayer's  process  owe  their 
apparent  accuracy  to  a  fortuitous  balance  of  errors.  The  difference  of 
0.0222  grm.  between  the  extremes  of  Mayer's  experimental  results 
should  not  be  surprising;  and,  at  the  best,  the  process  is  tedious  and 
not  entirely  trustworthy,  facts  of  which  its  author  was  not  unmindful. 
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In  RammeUberg's  metUod  of  eopamtiag  litbiam  chloride  from  the 
chlorides  of  midtum  and  putiiHsium  the  sourcaH  of  error  are,  in  bri«f, 
the  solubility  of  aodiiiiu  cliloride  and  potaasiiiiii  chloride  in  the  other- 
Alcohol  mixture,  the  iuflaence  which  the  preseuco  of  small  amoaata  of 
water  exerts  upon  the  solubility  of  these  siiinc  salts,  the  difficulty  of 
:'briugitig  the  chlorides  to  the  aubydroas  condition  without  decomposing 
ilbe  lithium  chloride  to  a  greater  or  less  extent,  and  the  mechanical 
difHculties  of  transferring  the  fnsed  or  crosted  chlorides  to  a  suitabk 
receptacle  for  digestion  and  agitation  in  the  Hiilveut,  and  of  extracting 
perfectly  the  sobible  constituents  of  closely  compacted  matter.  Of  thi> 
last  tvo  items  nothing  need  l>e  said  in  explauatioti  beyond  simply 
noting  them.  The  third  is  particularily  important,  inasmuch  as  the 
tendency  of  lithium  chloride,  first  noted  I  believe  by  Mayefj  to  ex- 
change chlorine  for  oxygen  when  ignited  in  presence  of  water,  results 
in  the  formation  of  lithium  hydrate  or,  in  contact  with  products  of 
combustion,  lithium  carbonate,  both  of  which  arc  insolnble  in  the 
mixture  of  ether  and  alcohol  and  remain  with  the  sodium  and  potus- 
fiiam  chlorides.  As  to  the  effect  of  wat«r  in  the  mixture,  an  expcri- 
jnent  of  Mayer,  in  which  it  was  found  that  100  cm.^  of  a  mixture  of 
alcohol  of  96  per  cent,  and  ether  of  98  per  cent,  dissolved  0.1100  grm. 
:0t  sodiam  chloride,  is  instructive.  In  roganl  to  the  solubility  of  th« 
chlorides  of  sodium  and  potassium,  in  the  mixture  of  anhydrous  ether 
Rnd  alcohol,  Bammelsberg's  statement  that  from  0.9770  grm.  of  pure, 
strongly  heated  soflium  chloride  with  an  undetermined  auionnt  of 
lithium  chloride  the  mixture  extracted  0.0130  grm.  is  uufortuuately 
meaningless  in  the  absence  of  information  concerning  the  amount  of 
solvent  employed.  J.  Lawrence  Smith'  found,  in  making  an  exami- 
nation of  this  matter,  that  10  cm.'  of  the  anhydrous  ether-alcohol  mixt- 
ure extracted  from  0.5  grm.  of  sodium  chloride  0,0005  grm.  and  from 
0.5  grm.  of  potassium  chloride  0.0003  grm.  Smith's  mode  of  applying 
the  method  is  better  than  the  original;  for,  by  taking  care  not  to  heat 
the  mixed  salts  above  100°  C,  the  danger  of  decomposing  the  lithium 
chloride  is  diminished,  and  by  treating  the  dried  salts  with  the  ether- 
alcohol  mixture  in  the  capsule  in  which  it  is  heated  and  weighed  (pro- 
tecting it  by  a  small  inverted  bell  glass]  the  disadvantage  of  the  trans- 
fer is  avoided,  but  the  danger  is  incurred  that  the  mixed  salts  may  not 
be  thoroughly  dried  by  heat  so  gentle.  With  this  modiflcatiou  Smith 
obtained  results  which  are  rearranged  in  the  following  statement,  and 
which  do  not  throw  a  very  favorable  light  upon  the  method:' 


'Am.  Jour.  Sci.  (2),  XVI,  p.  56. 

'  Dr.  Smith's  language  iu  the  doscriptioa  of  theae  experiments  is  Bomenhat  ambig- 
IIOD8,  bat  it  U  believed  that  tbeM  tigures  represent  the  meaoing  inteoded.  After 
the  presentation  of  tbn  data  of  the  lirst  osperiinent  given  here  with  tbe  correction  of 
an  obvioiia  typographical  error,  it  is  said  of  the  deciiiul  and  third  eiperimeDts  thftt 
"  a  siDiilar  mixture  containing  18.10  per  cent,  nf  chloride  of  lithium  fiirnished  a  resi- 
due of  17.65  per  cent."  and  "  it  similar  mixture  containing  67.30  per  ceut.  of  chloride 
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KaCl  taken.         KCl  taken.  LlCl  taken.    Weight  diaaolred.  Error, 

gnn.  j^rui.  gnn.  Knn.  fP^^* 

0.2000  0.2000  0.0080  0.0101  0.0021+ 

0.2000  0.2000  0.0884  0.0862  0.0022- 

0.2000  0.2000  0.8195  0.8341  0.0146+ 

It  is  obvioas,  therefore,  that  neither  the  method  of  Bammelsberg  nor 
that  of  Mayer  may  jastly  claim  to  be  what  a  good  process  should  hQj 
accarate  and  rapid ;  and  in  the  dilemma  many  chemists  have  been  in- 
clined to  accept,  with  Bansen,^  the  inherent  disadvantage,  of  an  indi- 
rect process,  and  in  a  mixture  of  sodium  and  lithium  chlorides  calculate 
the  percentage  of  each  from  the  known  weight  of  the  mixture  and  its 
contents  in  chlorine,  and  in  a  mixture  of  the  three  chlorides  calculate 
the  percentage  of  each  from  the  known  weight  of  the  mixture  and  the 
determined  contents  in  chlorine  and  potassium.  Here  again,  however, 
as  in  Bammelsberg's  process,  the  difficulty  of  bringing  the  chlorides  to 
a  definite  condition  for  weighing  without  decomposing  the  lithium 
chloride  is  an  obstacle;  and  in  case  potassium  is  to  be  separated  from 
large  amounts  of  lithium  by  precipitation  as  potassio-platinic  chloride, 
the  concurrent  precipitation  of  a  similar  salt  of  lithium,  to  which  Jenzsch' 
has  directed  attention,  may  be  the  occasion  of  inexactness.  So,  the 
intrinsic  unsatisfoctoriness  of  indirect  methods  quite  aside,  it  appears 
that  in  following  Bunsen  we  have  by  no  means  all  that  is  to  be  desired 
in  an  analytical  method. 

In  looking  about  for  better  means  for  the  separation  of  lithium  from 
sodium  and  potassium,  certain  preliminary  experiments  on  the  behavior 
of  the  chlorides  of  these  elements  toward  amyl  alcohol  gave  very  en- 
couraging indications,  and  subsequent  quantitative  tests  have  borne 
out  the  hope  that  a  successful  method  of  separation  might  be  based 
upon  these  relations. 

In  amyl  alcohol  the  chlorides  of  sodium  and  potassium  are  highly 
insoluble,  lithium  chloride  dissolves  freely,  and  the  attraction  of  amyl 
alcohol  for  water  is  so  slight  and  its  boiling  point  so  far  above  100^  C. 
that  the  latter  may  be  expelled  wiihout  difficulty  by  the  aid  of  gentle 
heating. 

When  amyl  alcohol  is  poured  into  a  solution  of  lithium  chloride  in 
water  the  liquid  forms  two  layers,  the  aqueous  solution  of  the  salts  at 
the  bottom  and  the  amyl  alcohol  now  carrying  a  little  water  above. 
With  the  application  of  heat,  tbe  water  evai)orate»  slowly,  then  boils, 
and,  passing  through  the%lcohol,  escapes,  until  toward  the  end  of  the 
-operation  the  residual  lithium  chloride  collects  in  a  viscous  globule  and 

of  lithium  gave  a  residue  of  6S.40."  I  have  taken  this  to  moan  that  in  all  three  ex- 
periments 0.2  grm.  of  sodium  chloride  aud  0.2  grm.  of  potassium  chloride  were  em- 
ployed with  the  different  proportions  of  lithium  chloride  indicated  for  each  experi- 
ment. At  all  events,  if  this  is  not  the  meaning  of  the  language  made  use  of,  it  is 
difficult  to  see  a  definite  value  in  the  experiments. 

^  Ann.  Chem.  und  Pharm.,  CXXII,  p.  348. 

«Pogg.  Ann.,  CIV,  p.  102.    ' 
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Busily  (lisfiolve^,  with  the  exceptioD  of  asli(;btiacru8t.itiou.  ITuow  thu 
alcohol  is  cooled  and  a  drop  of  strong  hydrocblorit;  acid  is  added  and 
brought  in  coutact  with  the  deposit  aud  the  boiling  rejwated,  the  soln- 
tiou  is  complete.  ThtK  deposit  I  take  to  be  lithiiiin  hydrate,  resulting 
l^m  the  decomposition  of  the  chloride  by  the  protracted  action  of  water 
at  a  tetnperntnre  near  its  boiling  point.  The  sintvll  amount  of  water 
which  ia  added  in  and  with  the  hydrochloric  acid  seems  to  exert  no 
unfavorable  inflneiice,  but  rather  to  be  beneficial  in  hastening  the  solu- 
tion of  the  residue  by  secitring  immediate  and  sntUcient  contact. 

In  hot  amyl  alcohol,  lithium  chloride  appears  to  l>e  a  little  more 
Muble  than  in  the  same  reageut  atordinary  teinperatureSjlmtthesolii- 
jIrflity  under  thelattercondition  only  was  determined.  By  boiling  the 
solution  until  turbidity  began  to  show,  cooling,  filtering,  and  then  evajv 
orating  a  known  volume  of  the  concentrated  solution  to  dryness  and 
weighing  the  residue  after  converting  it  to  the  sulphate,  it  was  fonnd 
tliat  one  part  of  lithinm  chloride  was  held  dissolved  in  the  cold  in  about 
fifteen  parts  of  amy]  alcohol,  10  cm.'  of  the  solution  containing  in  the 
mean  0.66  grm.  of  the  chloride. 

When  aqneous  solutions  of  sodium  chloride  or  potassium  chloride  are 
treated  wjth  amyl  alcohol  and  boiled,  the  water  disappears,  as  before, 
leaving  first  a  globule  of  the  concentrated  solution  and  finally  the  crys- 
talline salts.  Un  continuing  the  boiling  until  a  thermometer  dipped  in 
tiie  liquid  indicates  the  temperature  at  which  the  alcohol  boils  by  itself, 
a  slight  additional  precipitation,  doubtless  duo  to  the  expulsion  of  the 
water  retained  by  the  alcohol  up  to  this  point,  takes  place  upon  the  walls 
of  the  containing  vessel.  The  results  of  quantitative  tests  of  the  solu- 
bility of  sodium  and  potassium  chlorides  are  given  in  the  following 
tables.  The  strengths  of  the  solutions  of  sodium  chloride  andpotassium 
chloride  were  determined  by  evaporating  weighed  portions  in  a  plati- 
num crucible  and  drj'ing  at  a  temperature  considerably  l>elow  the  melt- 
ing point  of  the  salt,  and  weighing.  The  solution  of  lithium  chloride 
was  standardized  by  treating  a  weighed  portion  with  sulphuric  acid  in 
excess,  evaporating,  igniting  at  red  heat,  and  weighing.  The  standards 
were  fixed  by  experiments  (1)  to  (0). 


^o^^YtlSl^i!"" 

y^c\tLt 

W«iKlit«fNaCl 

(1)      10.7110 

0.1072 

O.lOOi-J 

(2)      10,9410 

0.1097 

0.1*3  J 

(3)      10.93*''. 

0.1097 

0. 100:0 

ofkaCl  uk.^1.. 

i^a;:;i. 

WpinhtofKnri 

(1)       i).;(Mr, 

0.174i 

0.1874 -J 

(5)       I0.7a-2G 

o.aooti 

0.1871  ( 

(6)      11.1974 

o.aoiH; 

0.1872  3 
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Mean. 


Weifrht  of  solution 
of  LiCl  taken. 

Weight  of 
Li,S04  found. 

Weight  of  LiClin 
10  grm.  of  solution. 

grm. 

Krm. 

grm. 

(7)      10.9280 

0.1635 

0.1156>v  • 

(8)       11.1480 

0.1665 

0.1153  ( 

(9)      10.8790 

0.1626 

0.11.543 

grm. 
0.1154 


To  determine  the  solubility  of  sodium  chloride  and  potassium  chlo- 
ride in  amyl  alcohol,  portions  of  the  test  solutions  were  weighed  out, 
evaporated  to  a  convenient  bulk  in  platinum  crucibles  of  100  cm.^ 
capacity,  amyl  alcohol  was  added,  the  water  expelled  by  boiling,  and 
the  heating  continued  for  some  minuten  after  the  thermometer  in  the 
liquid  indicated  132^  C,  the  boiling  point  of  the  alcohol  employed. 
The  liquid  was  then  decanted  with  care  and  the  residue  dried  at  a  tem- 
perature below  its  melting  point  and  weighed.  When  the  chlorides  are 
precipitated  in  the  manner  described,  the  deposit  generally  adheres  so 
closely  and  such  particles  as  do  remain  loose  settle  so  well  that  the 
supernatant  liquid  may  be  decanted  to  the  end  without  appreciable 
transx>ortation  of  the  insoluble  residue.  For  the  sake  of  perfect  security, 
however,  in  this  part  of  the  manipulation  the  decanted  liquid  was 
filtered  under  gentle  pressure  upon  asbestus,  with  the  aid  of  the  device 
which  I  have  previously  described  for  such  purposes,^  and,  after  gentle 
heating,  the  increase  in  weight  of  the  felt  and  the  containing  perforated 
crucible  was  added  to  the  weight  of  the  residual  salt.  In  no  case  did 
this  increase  exceed  a  few  tenths  of  a  milligram  and  often  could  not  be 
detected.  ^ 

As  a  source  of  heat,  a  bath  in  which  the  sand  of  the  sand  bath  is  re- 
placed by  smooth  asbestus  board  is  a  convenience,  or  a  piece  of  asbestus 
board  simply,  about  30  cm.  square,  supported  by  a  broad  tripod  and 
heated  under  the  middle  by  a  Bunsen  burner,  answers  equally  well  to 
secure  every  gradation  of  heat  without  danger  of  igniting  the  evapo- 
rated alcohol. 

As  a  control  upon  the  results  obtained  by  weighing  the  residue  as 
described,  the  filtrate  was  evaporated  in  a  large  platinum  crucible  and 
the  residue  thus  left  gently  heated  and  weighed.  Though  the  evapo- 
ration be  conducted  with  extreme  care,  the  residue  is  almost  sure  to 
show  some  blackening,  due  to  the  carbonization  of  matter  carried  by 
the  alcohol,  which  will  not  disappear  entirely  without  the  application  of 
a  degree  of  heat  which  the  salts  cannot  bear  without  danger  of  volatil- 
ization. The  weight  of  the  residue  from  the  amyl  alcohol  itself  is  small, 
one  portion  of  50  cm.^  yielding  0.0003  grm.  and  its  m  ate  0.0007  grm., 
so  that  the  datd  obtained  by  the  evaporation  of  the  filtered  alcohol  of 
the  experiments,  if  not  quite  so  trustworthy  as  the  former  testimony. 
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may  Devertholess  servo  tbe  itnrpost^  of  a  very  closo  control. 
.  of  data  are  given  iu  the  following  tablu : 


(10) 

o.iofia 

0.10(57 

0.1043 

(11) 

0.1043 

(1.1047 

0.UW4 

(18) 

0.1024 

0.1030 

0.1003 

(13) 

o.ioo;i 

0.1008 

0.0!(Kt 

Beducing  tliexo  figurea  to  a  uoiumoQ  level  to  ahow  tli 
■ftme  amouDt  of  iimjl  alcohol  in  erery  casu  wv  Iinve: 


ll.004(i 

(i.iN)r>()< 


ll.OOM 

^        1 

xoim 

46      ^ 

■3.(nna 

51      M 

j-ooar, 

46         J 

V  the 

uctfon  of  till* 

LMjiofNuTl^ 

■nyl  %ta,h..\. 

gnu. 

<10) 

U.O0J7\ 
0,1X141  f 

(U) 

(12) 

0.0041 ^ 

(13) 

0.0014; 

i 


((14)      0.3001 

O.S003 

0,8074 

I>.0019 

){l^>      0.3074 

0.2078 

0.205II 

O.OOl'l 

((1^     0.a059 

0.2059 

0.2040 

0.0019 

1  (17j      0.2040 

0.2041 

0.2015 

0.0026 

Derived  from  tbese  figures  we 

bave 

LonoIKC\Ui 

amyl  ilcahoL. 

Mean. 

WeiKbt  of  KCI  round 
ofamjrlalcoboi.  * 

(  (H)       0.0049'\ 

0,0054'' 

1 

i  (15)       0.004lf 

0.0053^ 

I  (IC)      0.0009? 

0.0051 

O.O0D9? 

i  (17)    o.oose) 

0.0058^ 

1 

From  tbese  flgares  it  appears  that  the  total  weight  of  chloride  foand 
is  alwaj s  a  tittle  greater  than  that  taken,  themeai]  increase  being  0.0005 
(;rm.  for  sodium  chloride  and  0.0002  grm.  for  potassium  chloride.  It 
appears  also  that  the  residue  left  by  tbe  evaporation  of  the  decanted 
and  filtered  amyl  alcohol  is  greater  than  the  loss  put  upon  the  chloride 
by  tbe  treatment :  in  the  case  of  sodinin  chloride  0.0006  grm.,  in  the 
mean,  for  every  50  cm.^  of  amyl  alcohol,  which  is  about  the  quantity 
emploj'ed  in  tbe  experiments;  for  potassic  chloride  0.0002  grtn.,  in  the 
mean,  for  40  cm.^  of  amyl  alcohol,  which  is  approximately  the  qaantity 
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used  in  that  case.  It  will  be  seen,  therefore,  that  there  exists  for  both 
salts  an  exact  coincidence  between  the  mean  total  excess  foond  and  the 
difference  between  the  figures  which  indicate  the  solubility  of  the  salts 
for  the  two  methods  of  determination ;  and,  taking  this  fact  in  conjunc- 
tion with  the  results  of  the  ovat>oration  of  amyl  alcohol  in  blank  (the 
mean  residue  being  0.0004  grm.  for  40  cm.^  and  0.0005  grm.  for  50  cm.^), 
it  seems  to  be  brought  out  pretty  clearly  that  the  former  set  of  figures 
represents  more  exactly  the  solubility  of  the  salts,  though  the  difference 
between  the  two  series  is  not  great.  Besting,  then,  upon  the  former 
determinations,  the  solubility  of  sodium  chloride  may  be  taken  as  0.0041 
grm.  in  every  100  cm.^  of  anhydrous  amyl  alcohol,  or  one  part  in  30,000 
parts  by  weight;  and  the  solubility  of  potassium  chloride,  a  little  greater, 
is  0,0051  grm.  to  100  cm.^  of  amyl  alcohol,  or  one  part  in  24,000  by  weight. 

The  conditions  under  which  the  salts  are  acted  upon  are  such  as 
should  insure  the  complete  saturation  of  the  solvent,  and  in  this  con- 
nection it  is  interesting  to  note  that  for  the  quantities  of  material 
employed  the  discrepancy  between  comparable  figures  never  exceeds 
0.0005  grm. 

In  experiments  (10),  (II),  and  (14),  (15),  the  alcohol  was  decanted  and 
filtered  at  once  while  hot;  in  (12),  (13),  and  (16),  (17),  it  was  cooled  to 
30<^  G.  before  decanting;  so  it  appears  that  the  solubility  of  the  salts  is 
not  influenced  by  changes  of  temperature  within  the  range  from  30°  C. 
to  1320  0. 

Used  simply  to  wash  the  precipitate,  amyl  alcohol  cannot,  of  course, 
exert  an  effect  at  all  comparable  with  that  manifested  in  the  experi- 
ments which  have  been  described,  but  to  know  just  what  this  action 
may  be  is  important.  Experiments  (18)  to  (22)  were  undertaken,  there- 
fore, to  elucidate  this  point. 

Weighed  amounts  of  the  test  solutions  were  evaporated  nearly  to 
saturation  in  small  glass  beakers,  amyl  alcohol  added,  and,  as  in  the 
previous  experiments,  the  whole  heated  until  the  salt  had  deposited  and 
the  residual  alcohol  bad  boiled  quietly  for  some  minutes  at  its  ordinary 
boiling  point,  the  liquid  decanted,  filtered  under  gentle  pressure  by 
means  of  a  weighed  perforated  crucible  and  felt  of  asbestus,  the  filtrate 
measured,  the  residue  dislodged  with  the  aid  of  a  rubbing-rod  and  trans- 
ferred to  the  crucible  and  washed  with  anhydrous  amyl  alcohol,  the 
irashings  being  collected  and  measured.  The  crucible  and  contents 
were  dried  over  a  free  flame  turned  low,  so  that  the  heat  should  not 
reach  the  melting  point  of  the  chlorides. 


Weight  of  NaCl        Error  of  cor-  Volume  of 

Weight  of      Weight  of       found,  corrected  for    reeled  weight  residual 

KaCl  taken.   NaCifound.   solnbilitv  in  residual       of  KaCl  amyl 

amyl  alcohol.                  found.  alcohol. 


grm.  grm. 

(18)  0.0947  0.0937 

(19)  0. 1080         0. 1074 

Bull.  42 6 


grm. 
0.0947 

0.1083 
(81) 


grm. 
0.0000 


cm.* 
24 


0. 0002+  19 


Volume  of 
amyl  alco- 
hol in 
washings. 

cm.* 
44 

53 


! 
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l-BightofKCI 

ao.yl»lodh<il. 

K 

mrofror. 

ctcdwDiibt 

VdltuBf  or 
IS 

Volntn.  nf 
ami  1  ilru- 

Bnn. 

Em. 

«,.■ 

rm.t 

U.1817    , 

0.0001+ 

•JO 

60 

0. 19S1 

0.0003— 

30 

•10 

0.18M 

0.0003— 

30 

60 

(20)    0. 1B46    0.  ISJ7 

(31)    0.1964    0.11)16 
{«)    0.1857    0.1839 

The&o  results  ahow  very  plainly  tliat  the  aolveut  «ffect  of  aniiydrons 
^myl  alcohol  used  for  Tt'asliing  under  the  couditiona  described  is  tri- 
fling Id  tfao  extreme,  and  may  be  ueglected  utterly  providing  Uieainoant 
of  the  washiug  is  not  altogether  disproportionate  to  the  needs  of  the 
case. 

Wepaea  uest  to  the  consideration  of  the  separation  of  the  chlorides 
lof  sodium  and  potassium  from  lithium  chloride.  Weighed  portions  of 
.the  test  solutions  vere  concentrated  und  treated  with  itmyl  alcohol  iu 
tho  manner  describetl  until  the  precipitated  salt  was  entirely  free  from 
water  and  the  supernatant  alcoholic  solution  of  tho  lithium  chloride 
boiled  constantly  at  a  point  not  far  from  that  of  the  amyl  alcohol  em- 
ployed. Then  the  liquid  was  cooled,  a  drop  or  two  of  strong  hydro- 
ohloric  acid  was  added  iu  accordance  with  the  evident  suggestion  of  tin' 
.preliminary  experiments  previously  mentioned,  and  heat  was  agata  ap- 
plied until  the  boiling  had  continued,  as  before,  fbr  some  minatca  at 
one  point.  The  filtratiou,  washing,  drying,  and  weighing  of  the  resi- 
due were  effected  as  in  expertment.s(lS)  to  (22).  In  those  of  the  experi- 
ments in  which  the  litbiam  salt  in  solution  was  also  determined,  the 
end  was  accomplished  by  evaporating  the  filtrate  and  washings  to  dry- 
ness, treating  the  residue  with  sulphuric  acid,  and  igniting  and  weigh- 
ing as  lithium  sulphate.  In  the  following  table  the  weight  of  insoluble 
chloride  actually  found  is  given  in  one  column,  audthis  weight,  corrected 
according  to  the  datii  previously  determined  for  the  solubility  of  the 
chloride  in  the  residual  amyl  alcohol,  appears  in  the  column  adjoining. 
So  also  the  weight  is  given  of  tho  lithium  sulphate  actualty  found,  and 
an  adjacent  column  contains  the  result  of  correcting  this  weight  for  the 
accompanying  sodium  or  potassium  sulphate,  or  both,  upon  the  hy- 
pothesis that  these  salts  are  neutral  sulphates  after  the  ignition.  In  the 
case  of  quantities  so  minute  the  error  which  is  introduced  by  such  an  as- 
sumption cannot  be  considerable,  and  in  relation  to  this  point  Dittmar ' 
maintains  thatcomparativelylarge  amounts  of  acid  sodium  or  potassium 
sulphate  may  be  reduced  to  the  neutral  salt  by  ignition  simply.  The 
figures  of  the  column  showing  the  weights  of  lithium  chloride  found  are 
derived  by  calculation  from  the  weights  of  lithium  sulphate  actually 

'  Report  ou  rCBeurchcB  into  the  composition  of  oceaa  water,  collected  by  U.  M.  8. 
ChaUongor  dnriDg  the  years  1873-1876,  p.  IS. 

(82) 


GOOCH.] 


SEPABATION   OF   sft)IUM   FROM   LITHIUM. 


83 


found.     The  other  headings  of  the  table  are  safficiently  intelligible 
\rithoat  further  explanation. 


(23) 
(24) 
(25) 


Weight  of  NaCl     Error  in     Error  in     Volume  of  amjl 

Welirbtbf    foTina,  corrected   weifrht  of  corrected        alcohol  used. 

KaCr  taken.   KaCl  found,  for  Bolubility  in        KaCl  welffbt  of 

amyl  aloohol. 


Weieht  of 


found. 


grm. 
0.1089 
0.1084 
0.1074 


grm. 
0.1092 
0.1085 
0.1067 


KaClfbnnd.  Redd- 
uaL 

grm.  gnu.               gnn.  cm.' 

0.1095  0.0003-f-  0.0006+  7 

0.1090  0.0001+  0.0006+  12 

0.1074  0.0007—  0.0000  18 


Total. 

cm.* 
70 
80 
90 


Weight  of         Weight  of  Weight  of 

LiCl  taken.     LisS04  found.      LiCl  found. 


(23) 
(24) 
(25) 


grm. 
0.1298 
0.1227 
0. 0116 


Weight  of 
KCltaken. 


grm. 

(26)  0.2051 

(27)  0.2022 

(28)  0.2109 
029)    0.0984 


grm. 

0.1682 

0.1592 


Weight  of 
ECl  found. 


grm. 
0.2036 

0.2013 

0.2096 

0.0970 


grm. 

0.1299 

0.1230 


Weisht  of  KCl 

found,  corrected 

for  solubility  in 

amyl  aloohol. 

grm. 
0.2053 

0.2032 

0.2104 

0.0980 


Corrected 

weight  of 

LiCl  found. 

grm. 

0.1296 

0.1225 


Error  in 
weight  of 

KCl 
■   found. 

grm. 
0.0015— 

0.0009— 

0.0013— 

0.0014— 


Error  in  Error  in  cor- 

weight  of       rected  weight 
LlCl  found.      of  LiCl  found. 


grm. 

0.0001+ 
0.0003+ 


gnu. 

0.0002- 

0.0002- 


Error  in 

corrected 

weight  of  Seaid- 

ECl  found.  ual. 

grm.  cm.' 
0. 0002+      M 

0. 0010+  37 

0. 0005—  16 

0.0004—  20 


Volume  of  amyl 
alcohol  used. 


TotAl. 

cm.* 
100 

100 

100 

90 


Weight  ol 
LiCl  taken. 


grm. 

(26)  0.1256 

(27)  0.1287 

(28)  0.0113 

(29)  0.0113 


Weight  of 
XaCl  taken. 


grm. 

(30)  0.1053 

(31)  0.1051 


Weight  of 
LitSOtfound. 


grm. 
0.1638 

0.1677 


Weight  of 
LiCl  found. 


grm. 
0.1265 

0.1296 


Weight  of 
KCl  taken. 


grm. 
0.1031 

0.0945 


Corrected 

weight  of 

LiCl  found. 

grm. 
0.1248 

0.1277 


Error  in 

weight  of 

LiCl  found. 

grm. 
0.0009+ 

0.0009+ 


Weight  of 

NaCl+KCl 

found. 


grm. 
0.2064 

0.1988 


Corrected  weight 
found. 


of  NaCl  +  KCl 


CI 


grm. 
0.2084 

0.2003 


Error  in  cor- 
rected weight  of 
LiCl  found. 

grm. 

0.0008- 

0. 0010- 


Volume  of  amyl 
alcohol  used. ' 

Residual.     Total. 


cm.* 
22 

16 


cm.' 
100 

80 


(30) 
(31) 


Weight  of 
LiCl  taken. 

gnn. 
0. 0113 

0. 0113 


Error  in  weight 
of  NaCl  +  KCl  found. 

grm. 
0.  0020— 

0.0008— 


Error  in  corrected  weight 
of  NaCl  +  KCl  found. 

grm. 
0.0000 

0.0007+ 


It  will  be  noticed  that  in  experiments  (23),  (24),  (26),  and  (27)  the 
corrected  error  in  the  weight  of  the  insoluble  chloride  has  a  positive 
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value,  rangiug  from  0.0002-}'  grm,  to  0.0010+  grm.,  witli  a  mciui  of 
O.00OG+  grm.i  and  tbat  in  exiierimeuts  (25),  (38),  (;!9),  (30),  ami  (31), 
the  meaii  error  is  negative,  amoanting  to  less  thau  0.0001—  grm.,  witli 
•a  range  from  0.0005—  gim.  to  0.0007+  grm. 

Tbe  point  of  diflereuce  between  these  two  series  of  experiments  is 
tibe  amoaat  of  litliium  chloride  introduced,  only  a  tenth  of  that  itseil  in 
tbe  foi-mer  being 'employed  in  the  latter.  It  ia  plain  tbat.,  when  wo  are 
dealing  with  tbe  larger  amonnt,  a  larger  portion  tends  to  remain  be- 
hind with  theinsoluble  chloride ;  and  here  again  we  meet,  tbongb  to  ado- 
gree  eomparatively  baruiless,  tbe  inclination  of  lithium  chloride  to  yield 
ehlorine  and  pass  to  tbe  form  of  lithium  hydrate.  When  the  lithinm 
chloride  is  present  in  small  amount,  as  in  tbe  latter  group  of  experi- 
ments, there  can  be  little  letl  undissolved;  and  the  spectroscope  con- 
firms tbe  evidence  of  tbe  figures  of  analysis  as  to  the  perfectness  of  the 
separation  by  showing  in  sucb  cases  either  uo  lithium  at  all  or  merely 
fiigitive  traces.  If  a  single  precipitation  is  sufficient  to  effect  a  aatia- 
&ctory  separation  of  tbe  insoluble  chlorides  from  small  amounts  of 
'lithium  chloride,  it  is  natural  to  suppose  that  a  repetition  of  the  precipi- 
:tation  would  be  beneficial  in  treating  larger  quantities  of  lithinm  chlo- 
ride. 

Experiments  (32)  to  (37)  illustrate  the  effect  of  a  double  precipilii- 
l^on.  Tbe  cbloriden  were  brought  to  filtration  as  before,  the  liquid 
vas  decanted  as  completely  as  possible,  tbe  precipitate  washed  slightly 
by  dccantation  and  rcdissolved  in  a  little  water,  and  tbe  round  of  boil 
ing,  filteriug,  drying,  and  weighing  carried  to  the  end  as  before,  care 
being  taken  to  repeat  the  treatment  with  a  drop  of  hydrochloric  acid 
during  the  process  of  boiling.  The  two  portions  of  residual  amyl  alco- 
hol were  measured  apart,  us  well  as  the  washings. 


WBlgllt   of 

SaCl  taken. 

WolKht  of 
Nadl  found 

fK. 

in  wetKht 
,.f  N«C1 

iSiS. 

ftkoliol  ngftl. 

gnu.  • 

f{nu. 

emi. 

firm. 

grni. 

cm.'    cm."           cm.' 

0.1166 

0.1163 

0.  uco 

0.  0003- 

0.0003+ 

b        H            150 

0.1139 

0.1127 

0.  IVJ-i 

0.0012- 

6.0007- 

:>      7         IM 

Weight  nt 
LiCl  Ukcn. 

Wuight  of  Wpiebi  Qf 

Li^0.f<mud.LlClfouti.l 

■  SS 

Error  tu 
weieht  of 

Ermr  in  cotrtcted 
LiCI  fonnd. 

gnu. 

Brn.. 

Krni. 

r™- 

grin. 

gnu. 

O.iaST 

0.1662 

n.  1281 

0. 12>ii(t 

0.0003- 

0.0007- 

0. 1347 

0.  175U 

0.  i:!r.9 

0. 13;'.:l 

0.  0012+ 

0.0006+ 

Wfijiht  of 

KCI  Uken. 

stx 

Cornwall 

lis 

found. 

Error  In 

weieht  <>r 
KCI  founcl. 

<3.|) 

0.  IIW 

ti.  1112 

O.llG-i 

0.0013- 

0.0003- 

car-) 

0. 1034 

0. 1017 

O.lOiW 

0, 0017- 

II.0O07- 

(36) 

0. 1914 

0. 1905 

0.1313 

0.0009- 

0.0002- 

(37) 

0.1953 

0.1939 

0.1950 

0.0014- 
(84) 

0.0003- 
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Weight  of     Weight  of  Weight  of     ^®!TJfM 
UCl  taken.  Li^904  fosDd.  LiCl  foand.  LiCAbund. 

grm.  gtm.  grm. 

0. 1475   0. 1139   0. 1128 

0. 1649   0. 1274   0. 1162 


gnn. 

(34) 

0.1125 

(35) 

0.1251 

(36) 

0.1263 

(37) 

0.1262 

Error  in 

weight  of 

LiCl  found. 

grm. 
0. 0014+ 
0.0023+ 


Error  in  corrected 

weight  of 

LiClfoond. 

grm. 
0.0003+ 
0. 0011+ 


Thus  it  appeals  that,  in  the  separation  of  the  insoluble  chlorides  from 
the  larger  amounts  of  lithium  chloride,  the  residue  of  two  precipitations 
is  substantially  free  from  lithium. 

For  the  sake  of  bringing  the  data  in  hand  more  directly  into  compari- 
son, the  corrected  errors  of  the  preceding  determinations  are  tabulated 
again  in  the  following  statement : 


i 

a 

I 

M 

d 

(23) 
(34) 
(26; 
(27) 
(25) 
(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(85) 
(36) 
(37) 

« 

Chloride. 

Corrected  cr 

Precipitated 

once  from 

abont  0. 13 

ffrm.  of 

LiCl. 

Tor  of  inaolubl 

e  chloride — 

Precipitoted 

twice  from 

about  0. 18 

grm.  of 

LiCl. 

1 

Error  in 

corrected 

weight  of 

I3CL 

Approximate  i 

mean  error 

of  LiCl. 

Precipitated 

onneftt>m 

abont  0. 013 

ffrm.  of 

LiCL 

NaCl 

VfM. 

0.0006+ 
0.0006+ 
0.0002+ 
0.0010+ 

Orm. 

Orm. 

1 
Onn. 

0.0002- 

0. 0002- 

0. 0008- 

0. 0010- 

Onn. 
.0.0005- 

0.0OO3  + 

It 
KCl 

NaCl 

0.0000 
0.0005- 
0.0004- 
0.0000 
0.0007+    • 

KCl 

M 

KaCl+KCl ... 

. 

It        it 
NaCl 

0.0003+ 
0.0007- 
0.0003- 
0.0007- 
0.0002- 
0.0003- 

0.0007- 
0.0006+ 
0.0003+ 

0. 001  r+ . 

1 

KCl 

ti 
It 
It 

AppTox.mea&. 

0.0006+ 

0.00004- 

0.  0003- 

Few  processes  in  analytical  chemistry  are  capable  of  yielding  results 
more  exact  than  these.  The  separation  of  from  0.1  grm.  to  0.2  grm.  of 
sodium  or  potassium  chloride  from  a  tenth  of  its  own  weight  of  lithium 
chloride  is  practically  perfect  in  one  operation,  and  from  its  own  weight 
of  lithium  chloride  the  parting  may  be  effected  satisfactorily  by  two  pre- 
cipitations. 

The  points  to  be  observed  in  executing  the  method  may  be  recapitu- 
lated as  follows : 

To  the  concentrated  solution  of  the  chlorides,  amyl  alcohol  is  added 
and  heat  i»  applied,  gently  at  first  to  avoid  danger  of  bumping,  until 
the  water  disappearing  from  solution  and  the  point  of  ebullition  rising 
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RUil  Ixtcomiag  conetnat  for  somu  initiutea  at  a  U'uiperatnro  which  is 
appntsimately  that  at  wliicli  tUf  iiluoliol  boila  by  it^lf,  tlie  cblorides  of 
sodium  nuil  itot-assiiini  are  deiioi^iteil  and  lithium  chloride  is  dehydrate*! 
and  taken  into  solntion.  At  this  stage  iu  the  operatiou  the  liquid  is 
cooled  aud  a  drop  or  two  of  strong  hydrochloric  acid  is  added  to  reeoii- 
Tert  traces  of  lithium  hydrate  in  the  deiioait,  and  the  boiling  is  con- 
tinned  antil  the  alcohol  is  again  free  from  water.  If  the  aiaount  of 
lithium  chloride  present  is  small  it  will  now  be  found  iu  solution,  aoil 
the  chlorides  of  sodium  aud  potassium  will  be  in  the  residue,  exceptiat' 
the  traces,  for  which  correction  will  be  made  subsequently.  If,  how 
ever,  the  weight  of  lithium  chloride  present  e^tceeds  ten  or  twenty 
tnilli grams,  it  is  advisable  at  this  poiut,  though  not  absolutely  essential 
to  the  uttaiDmeut  of  fairly  correct  resnlta,  to  decant  the  liquid  from  the 
residue,  wash  the  latter  a  little  with  anhydrous  amyl  alcohol,  dissolvt; 
in  a  few  drops  of  water,  and  repeat  the  separattou  by  boiling  again  in 
amyl  alcohol.     For  washing,  amyl  alcohol  previously  dehydrated  by 

I  boiling  is  to  be  used  and  the  filtrates  are  to  be  measured  apart  from 
the  washings.  In  filtcriug  It  is  best  to  make  use  of  the  iierforatt-il 
crucible  and  asbestiis  felt  and  apply  gentle  pressure.  The  crucible 
and  residue'are  ready  for  the  balance  after  drying  for  a  few  miQUtctt 
directly  over  a  Haine  turned  low.  The  weight  of  insoluble  chlorides 
actually  obtained  in  this  manuer  is  to  he  corrected  by  the  addition  of 
0.00041  grm.  for  every  10  cm.'  of  amyl  alcohol  in  the  filtrate,  exclusive 
of  washings,  if  the  insoluble  salt  is  entirely  sodium  chloride,  0.1)0051 
grm.  for  every  10  cm.'  if  potassium  chloride  constitutes  the  residue,  and, 
if  both  sodium  and  potassium  chloride  are  present,  0.00092  grm.;  but, 
as  in  the  experiments  described,  the  entire  correction  may  in  any  case 
be  kept  within  narrow  limits,  if  due  care  be  given  to  the  reduction  of 
the  volume  of  residual  alcohol  before  filtration.  The  filtrate  and  wash- 
ings are  evaporated  to  dryness,  treated  with  sulphuric  acid,  the  excess 
of  the  latter  is  driven  off,  and  the  residue  ignited  to  fusion  and  weighed. 

^  From  the  weight  thus  found  the  subtraction  of  0.00050  grm.  is  to  be 
made  if  sodium  chloride  constitutes  the  precipitate,  0,00059  grm,  if  po- 
tassium cldoride  alone  is  present  iu  the  residue,  and  0.00109  if  both  of 
these  chlorides  are  present,  for  every  10  cm.'  of  filtrate, exclusive  of 
washings. 

Amyl  alcohol  is  not  costly,  the  manipulations  of  the  process  are  easy, 
and  the  only  objectionable  feature — the  development  of  the  fumes  of 
amyl  alcohol — is  one  which  is  insignificant  when  good  ventilation  is 
available. 

The  process  has  been  used  for  some  months  frequently  and  success- 
fully,  by  others  as  well  as  myself,  for  the  estimation  of  lithium  in 
waters  and  minerals. 

In  this  connection  it  seems  best  to  include  the  record  of  certain  ex- 
perimenti)  looking  to  the  separatiou  of  the  chlorides  of  sodiam  aud 
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potassiam  from  the  chlorides  of  magnesiam  and  calcium.  The  behavior 
of  magnesiam  chloride  toward  amyl  alcohol  is  of  interest^  both  with 
reference  to  the  problem  of  separating  sodium  and  potassium  from 
lithium  and  magnesium  when  the  latter  are  associated  and  as  concerns 
the  parting  of  the  alkalies  from  magnesium  alone  —  a  matter  which  is 
by  no  means  perfectly  simple — and  experiments  (38)  to  (41)  touch  upon 
this  topic. 

The  chlorides  of  sodium  and  potassium  were  weighed,  as  before,  in 
solution ;  the  magnesium  chloride  was  obtained  by  dissolving  in  hydro- 
chloric acid  the  oxide  specially^prepared  and  weighed  as  such.  The 
process  of  treatment  was  identical  with  that  just  described  for  the  sep- 
aration of  the  chlorides  of  potassium  and  sodium  from  lithium  chloride. 

Volume  of  amyl 
alcohol  used. 
Beaidual.  Total. 

I.  II. 

cm.*  cm.»  cm.' 


Weight  of 
KaCl  token. 


Weight  of 
KCl  token. 


(38) 
(39) 
(40) 
(41) 


grm. 
0.1030 
0.0967 
0.1030 
0.1053 


gnn. 
0.1064 
0.1024 
0.1073 
0.1093 


Weight  of 

NaCI+KCl 

found. 

grm. 

.   0.2079 

0.1976 

0.2071 

0.2114 


Corrected 

weight  of 

NaCTfKCl 

found. 

grm. 

0.2100 

0.200G 

0.2093 

0.2142 


23 
33 
13 
12 


11 
18 


120 
100 
100 
100 


(38) 
(39) 
(40) 
(41) 


Weight  of 
HgO  token. 

gnn. 
0.1000 
0.1000 
0.1000 
0.1000 


Error  in  weight  of 
NaCl  t-KCl  found. 

grm. 
0.0015- 
0.0015  - 
0.0032- 
0.0032- 


Brror  in  corrected  weight 
of  NaCl+KCl  found. 

gnn. 
0.0006+ 
0.0015+ 
0.0010  — 
0.0004  — 


The  residues  of  experiments  (38)  and  (39),  in  which  the  separation 
was  made  by  a  single  precipitation,  carried  traces  of  magnesia;  those 
of  (40)  and  (41),  in  which  two  precipitations  were  introduced,  were  found 
to  contain  in  the  one  case  no  magnesia  and  in  the  other  an  unweighable 
trace.  These  results  point  out  a  method  by  which  the  chlorides  of  so- 
dium and  potassium  may  be  obtained  free  from  magnesia,  while  the 
small  amounts  of  the  former  which  pass  into  solution  with  the  magne- 
sium chloride  are  capable  of  accurate  estimation;  and  there  seems  to 
be  no  reason  why  the  separation  of  these  alkaline  chlorides  from  mag- 
nesium chloride  and  lithium  chloride  occurring  together  should  not  be 
effected  in  one  operation,  and  the  parting  of  the  latter  salts  brought 
about  by  the  familiar  method  of  precipitating  the  magnesium  in  the 
cold  as  ammonium-magnesium  phosphate. 

Experiments  (42)  to  (47),  upon  the  separation  of  sodium  and  potas- 
sium from  calcium  by  the  action  of  amyl  alcohol  on  the  chlorides,  yielded 
the  figures  of  the  following  table.  The  mode  of  treatment  was  identical 
with  that  of  the  experiments  with  magnesia  just  described,  excepting 
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only  the  aabstitutiou  of  pure  cnlcinm  oxuIp,  spei-ially  prt'uiirei!,  fo; 
iiesinm  oside. 

■                                                            ic-.i.i..  _!■          CorrePled  Voluioe  of  ui 

Woirtt  of         Watsht  ol      vl?r?B?'i         welatt  of  alMihal  me. 

SnCI  Ukan.         KCItsken.       "  ,''t  i              NuCl+KCI  Huldanl. 

1(48)    0. 09SO    0.  iiaa   o,  sitt    o.  2195  so 

US)             0.  lOie             0.1057            0.221T              0.8235  20 

itt)             0.1096             0.09fia            0.2112             0.^130  30 

its,)             0.09efi             O.lDly           0.2113             0.8130  la 

:(46)             0. 0914              fl.  1104            0. 1908             0.  SUOO  20              ir> 

1*7)             0.09ff7             0.1100            0.2080              O.aOfflP  :i               ' 


(«) 
(43) 
(44) 

iV>) 
(W) 
(47) 

From  these  results  it  is  plaiu  that  it  is  a  far  more  difficult  matter  to 
dehydrate  aud  dissolve  calcium  chloride  than  t«  dehydrate  and  disAolre 
tither  magDesium  chloride  or  lithium  chloride.  The  separation  of  the 
chlorides  of  sodium  and  potassium  from  calcium  chloride  cannot  be  ac' 
complL-shed,  for  tiic,  i[iiantities  employed  in  these  cxiienmentfi,  bv  n 
siDgle  precipitation ;  but  the  repetition  of  the  treatment  ia  effective. 
In  the  residues  of  experiments  (4G)  and  (il)  calcium  could  not  be  fonnd 
by  the  test  with  ammonium  o.valate.  In  a  case,  therefore,  in  which  the 
separation  of  sodium  and  potassium  from  lithium,  magnesium,  and  cal- 
cium in  one  operation  should  be  desirable,  the  end  may  probably  be 
accomplished  by  means  of  the  process  here  described. 

Certain  preliminary  espertmetits  with  the  nitrates  of  the  bases  nnder 
discussion  indicate  that  these  are  susceptible  of  similar  separation  by 
the  action  of  amyl  alcohol;  and  the  wide  applicability  in  analytical 
operations  of  the  general  principle  involved  — the  dehydrating  of  salts 
by  means  of  amyl  alcohol  or  other  liquid  of  high  boiling  potntand  ap- 
propriate solvent  action  —  can  scarcely  bo  a  matter  of  doabt. 


aO  tikun. 

NuCl+SCI  fxDnd. 

«f  HiiCI+KClf 

grtn. 

grm. 

am. 

0.1000 

0.0192+ 

0.  0210+ 

0.  loot) 

0.0142+ 

0.0160+ 

{).  1000 

O.O0S4+ 

0.00711+ 

0.1000 

0.0110+ 

0.  0127+ 

a.imi 

0.0050- 

0.1W18- 

0. 1000 

0.0017- 

0.000f- 

THE  INDIRECT  ESTIMATION  OF  CHLORINE,  BROMINE,  AND  IODINE 
BY  THE  ELECTROLYSIS  OF  THEIR  SILVER  SALTS,  WITH  EXPER- 
IMENTS ON  THE  CONVERTIBILITY  OP  THE  SILVER  SALTS  BY 
THE  ACTION  OF  ALKALINE  HALOIDS. 


By  J.  Edwasd  Whitfield. 


In  the  absence  of  trastworthy  methods  for  the  direct  qaantitative 
separation  of  bromine  and  chlorine,  it  is  usual  to  employ  some  process 
for  the  conversion  of  the  mixed  silver  salts  to  a  common  condition. 
Both  the  reduction  to  silver  by  hydrogen  and  the  conversion  of  the 
bromide  to  chloride  by  heating  in  an  atmosphere  of  chlorine  are  at- 
tended with  loss  by  volatilization  and  mechanical  transfer,  and  the 
possible  inaccuracy  of  both  the  processes  is  such  that  they  can  scai'cely 
be  considered  as  available  for  the  estimation  of  small  amounts  of 
either  constituent  in  the  presence  of  large  amounts  of  the  other. 

Of  all  such  methods  the  electrolytic  analysis  of  the  mixed  and  fused 
silver  salts  as  proposed  by  Bolley^  and  more  recently  introduced  and 
tested  by  Kinnicutt'  is  probably  the  best,  though  according  to  Fink- 
ener^  perfect  decomposition  is  difScult  to  obtain  by  this  method  and 
there  is  danger  of  volatilization  and  partial  change  of  the  silver  salts  in 
the  fusion. 

Kinnicntt^s  test  analyses  of  the  fused  salts  show,  for  silver  chloride 
and  silver  bromide  each  by  itself,  errors  of  0.0006— grm.  to  0.00034- grm. 
on  amounts  varying  from  0.7  grm.  to  1.8  grm.;  and  for  the  mi:xed  silver 
chloride  and  bromide  errors  from  0.0010— grm.  to  0.00124-grm.  with 
tk  mean  of  0.0006+grm.on  weights  varying  from  2  grm.  to  2.8  grm. 

These  figures  represent  the  sum  of  the  errors  from  the  weighing  of 
the  fused  chloride  to  the  weighing  of  the  deposit  of  silver  and  do  not 
include  errors  made  in  the  precipitation,  filtration,  transfer  to  the  cru- 
cible, and  fusion. 

A  method  in  which  the  decomposition  of  the  silver  salts  may  be  ef- 
fected without  fusion,  and  which  would  at  the  same  time  place  the  errors 
of  filtration,  preparation  for  weighing,  and  subsequent  electrolysis  at  a 

•  Dingl.,  Pol.  Jour.,  CLI,  p.  46. 

"Am.  Chem.  Jour.,  IV, p.  22. 

'  Bose-Finkener,  Quant.  Anal.,  II,  p.  621. 
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Tninimuni,  seems  to  be  ileHirable,  nntl  a  promiBiiig  line  of  investigation 
was  suggested  by  Luekow's  assertion'  that  from  the  tmlution  of  Hilver 
chloride  in  potassium  cyanide  the  silver  may  be  thi-owu  down  com- 
pletely. 

Luckow  gives  no  figures,  excepting  a  cominon  mean  of  all  determina- 
tions by  the  precipitation  from  the  cyaniJe  solution  and  the  decoinpo- 
.  BJtion  of  the  solid  chloride  on  the  negative  pole  of  the  battery  under 
iBulphuric  acid;  so  that  the  first  experimente  were  made  to  test  the  ac- 
curacy of  the  battery  process  under  these  conditions. 

In  experiments  (1)  to  (5)  silver  chloride  was  the  starting  point.  In 
■{1)  to  (3)  the  freshly  precipitated  and  carefully  washed  chloride  was 
dried  to  a  constant  weight  in  a  platinum  dishjprotecte*!  from  the  light, 
'  at  a  temperature  of  about  150°  C,  dissolved  in  potassium  .cyanide  and 
. deetrolyzed  after  the  addition  of  a  little  sodium  hydrate,  preliminary 
fftnalyses  having  seemed  to  indicate  that  the  presence  of  sodium  hydrate 
affected  the  deposition  favorably.  In  all  subsequent  esporUnenta 
ammonia,  which  was  found  to  be  of  equal  service,  was  used  instead  ot 
Bodium  hydrate. 

In  experimeuta  (4)  and  (5)  the  chloride  was  converted,  previous  to 
electrolysis,  into  the  bromide  by  solution  in  potassium  cyanide,  the  ad- 
dition of  potassium  bromide,  and  precipitation  by  sulphuric  acid,  as  will 
be  described  later,  and  the  precipitate  redissnlved  in  potassium  cyanide, 
Ebe  object  being  to  teat  the  action  of  the  battery  xipua  the  cyanide  solu- 
tion of  the  silver  bromide. 


Ae  CI  MkeD. 

Silver  roDud. 

SU 

TCI  ctacaUtcd. 

Error, 

gmi. 

Btm- 

firm. 

grra- 

(1)  o.i.'-.cr. 

0.  iirr 

0.117ti 

0.0001- 

(2)     1.3004 

0.9785 

0.9787 

0.0002- 

(3)    2.2057 

1.7047 

1.7051 

0.0004- 

(4)    0.7473 

0.56ie 

0.5624 

0.0006- 

(5)    0.2851 

0.2133 

0.2147 

0.OOI4- 

These  results,  as  far  as  they  go,  arc  satisfactory.  Similar  tests  upon 
the  electrolysis  of  silver  bromide  and  silver  iodide  in  the  cyanide  solution 
were  undertaken,  but  it  was  thought  atlvtsable  to  combine  incidentally 
with  the  tests  of  the  battery  process  au  examination  of  the  method  re- 
cently itroposed  by  MaxwellLyte^  for  the  direct  conversion  of  silver 
chloride  to  t)ie  bromide  and  thence  to  the  iodide. 

Field' was  the  first  to  propose  a  quantitative  conversion  of  silver 
chloride  to  the  bromide  by  digesting  the  former  in  potassium  bromide, 
and  the  change  of  the  chloride  or  bromide  to  the  iodide  by  the  action  of 
Itotassium  iodide  upon  these  salts.  This  method  has  been  variously 
criticisc<l  and  finally  abandoned  as  an  inaccurate  process,*  though  so 

'Dingl.,  I'oi.  Joiir.,CLXXVni,i).4a. 
'  Clicm.  NowB,Vol.  4y,  p.  3. 
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far  as  concerns  the  conversion  of  the  chloride  and  bromide  to  the  iodide 
Siewert*  shows  it  to  be  exact. 

MaxwellLyte's  method  of  proceeding,  depending  upon  identically  the 
same  principle  which  Field  attempts  to  utilize,  consists  in  the  solution 
of  the  silver  haloid  salts  in  potassium  cyanide,  the  addition  of  potassium 
bromide,  the  decomposition  of  the  potassium  cyanide  by  means  of  sul- 
phuric acid,  with  the  consequent  precipitation  and  weighing  of  the  silver 
bromide  mixed  with  the  iodide  of  the  original  mixture  —  the  resolution 
of  this  precipitate  in  potassium  cyanide,  the  addition  of  potassium  iodide, 
the  decomposition  of  the  cyanide  as  before  with  sulphuric  acid,  with 
the  formation  of  a  precipitate,  which  is  presumably  pure  silver  iodide 
and  to  be  weighed  as  such. 

To  convert  the  chloride  to  the  bromide  Maxwell-Lyte  uses  a  weight 
of  potassium  bromide  equal  to  the  weight  of  the  silver  chloride  taken, 
and,  to  change  the  bromide  to  the  iodide,  a  weight  of  potassium  iodide 
one  and  a  quarter  times  as  great  as  the  original  weight  of  the  silver 
chloride. 

In  the  following  experiments  these  amounts  have  varied  widely,  but 
the  proportion  of  alkaline  haloid  salts  employed  is  given  for  each  case 
in  the  tabular  statement. 

The  starting  point  was  generally  freshly  precipitated  silver  chloride, 
but  in  the  last  three  cases  pure  silver,  this  being  dissolved  in  nitric 
acid,  precipitated  with  potassium  bromi4e  (two  equivalents),  and  the 
precipitate  dissolved  in  potassium  cyanide,  converted  to  tbe  iodide  in 
the  manner  described,  and  weighed,  the  object  of  this  being  to  test  the 
convertibility  of  silver  bromide  to  silver  iodide. 

In  most  cases  the  final  precipitate  after  weighing  was  electrolyzed, 
so  as  to  have  a  more  perfect  control  upon  the  results  of  the  conversion 
process,  and  at  the  same  time  to  test  the  battery  method  additionally. 

The  bromide  and  iodide  of  silver  were  precipitated  hot  from  dilute 
solutions,  which  were  cooled  and  allowed  to  stand  over  night  to  settle 
before  filtering. 

Filtrations  were  made  by  the  use  of  the  Gooch  crucible  with  gentle 
pressure.  The  silver  salts  were  dried  directly  over  a  low  Buusen  fiame 
at  a  temperature  far  below  the  melting  point,  and  dissolved,  after  weigh- 
ing, by  introducing  crucible  and  asbestus  into  a  strong  solution  of  potas- 
sium cyanide  and  heating,  the  time  necessary  for  the  solution  vary- 
ing from  a  few  minutes  to  several  hours,  according  to  circumstances. 
In  some  cases  traces  of  reduced  silver  were  found  with  the  asbestus 
and  were  recovered  by  treating  the  felt  with  nitric  acid  and  washing, 
the  filtrate  and  washings  being  added  to  the  main  solution. 

The  deposition  of  silver  was  made  in  the  platinum  dish  of  100  cm.^ 
capacity,  which  held  the  solution,  and  the  current  found  most  suitable 
was  (as  Luckow  originally   ecommended)'  developed  by  four  Meidinger 

^  Zeitschr.  anal.  Chem.,  7,  p.  469.  *  Loc.  cit. 
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rtls  of  large  aizo.  Witli  )toliition»of  thfl  volume  named  and  the  area  of 
ke  negative  electrodv  einjiloyeil,  it  was  found  advisaljlw  not  to  attempt 
>  treat  more  than  two  grammes  of  the  silver  salt. 
The  solution  was  decanted  immediately  on  Mm  sloppiug  of  the  cnr- 
int,  or,  better,  siphoned  off  while  the  batUsry  connections  were  still 
DbrokeD,  and  washed  with  diatiUed  wnter  to  provout  the  solvent  action 
t  the  cyanide  on  the  deposit. 

Eualvk 
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0.09%  1.1451  1.1450  0.0005- 

0.7587  1.24-2'J  l.-iia4  O.0O05  + 

0.  0710  1.  O'Jihi  1. 0988  0.  0OO4  + 

0.2515  0.4119  0.411H  0.0000 

0. 6501  1. 0040  1,  0640  0.  OOOO 
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0.  C710                         0.  504«  0.  5050  0.  OOOH  — 

0,2515                         0.1892  0.1892  0.0000 

0.  G501                         0.  4892  0. 4892  0. 0000 
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0.8150 

0.0005-- 

2 

0. 3746 

0.0004 

(22)          0. 4078 

0.8859 

0.8873 
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0.4077 
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From  these  experiments  it  appears  that  the  deposition  of  silver  from 
the  cyanide  solution  of  the  chloride,  bromide,  or  iodide  is  exceptionally 
exact.  The  tendency  of  the  process,  however,  is  to  yield  low  results, 
and  yet,  in  spite  of  the  multiplicity  of  operations  through  which  the 
original  material  has  been  passed  in  the  attempt  to  settle  two  questions 
at  once,  the  deficiency  is  not  very  great,  being  0.0005  grm.  in  the  mean 
of  eighteen  determinations,  with  a  maximum  value  of  0.0019  grm. 

The  conversion  of  silver  chloride  to  silver  bromide  by  the  method 
proposed  by  Maxwell-Lyte,  like  its  predecessor,  is  too  imperfect  to  be 
worthy  of  trust,  but  the  experiments  indicate  unmistakably  that  the 
change  of  silver  chloride  or  silver  bromide  to  silver  iodide  is  sufficiently 
complete  to  afford  the  basis  of  a  good  analytical  method. 

The  indirect  estimation  of  chlorine  and  bromine,  chlorine  and  iodine, 
or  bromine  and  iodine  in  presence  of  one  another  may  be  effected  satis- 
factorily, therefore,  by  precipitating  both  together  as  silver  salts,  filter^ 
ing  on  asbestus,  washing  and  drying  at  150^  C,  weighing,  dissolving  the 
residue  in  potassium  cyanide,  and  either  electrolyzing  the  solution  to 
determine  the  silver  or  precipitating  the  silver  as  iodide  again,  filtering 
upon  asbestus,  washing,  drying,  and  weighing. 

In  a  mixture  of  all  three  halogens  the  iodine  is  first  to  be  separated 
by  known  methods,  and  the  chlorine  and  bromine  are  to  be  indirectly 
estimated  as  described. 
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THE  GUAND   EAPIDS  METEOBITE. 


In  the  American  Joiirual  of  Science  (Vol.  XXVIII,  3d  ser.,  i».  207), 
Prof.  J.  K.  Eastman  called  atte.nt.iou  to  an  iron  of  probably  meteoric 
Origin,  found  near  Grand  Gapids,  in  Walker  Township,  Kent  County, 
Michigan. 

At  the  time  a  rough  analysis  was  miule  on  scanty  material,  idcnti- 
^ug  it  as  a  true  meteorio  iron.  Since  then  the  iron  has  come  into  the 
keeping  of  the  National  Museum  and  a  more  careful  analysis  lias  beeu 
made,  with  the  following  results: 

Fo 88.71 


Mg.. 


C  (combined) 06 

Graphite 07 


The  meteorite  weighed  originally  about  52  kilograms.  It  is  a  com- 
pact mass  of  great  apparent  homogeneity,  possessing  a  specific  gravity 
of  7.87,  One  of  the  sections  disclosed,  however,  a  small  nodule  about 
one  centimeter  in  diameter.  This  not  being  avaUable  for  aualj'sis,  its 
composition  remains  undetermined. 

Etched  with  nitric  acid,  the  iron  gives  Widmanstiittian  figures  very 
like  those  of  the  Itotwrtson  County  meteorite,  though  of  a  finer  char- 
acter.   So  fracture  Hues  were  observed. 
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TWO  HEW  METEOlilC  IKONS,  ETC. 


Flo.  4.  Orud  Baplds  mateorllc. 


Fio.  S.  Etched  aaitice  of  Grand  Rupida  met«orilo. 


THE  ABEET  IRON. 


Tbifl  metcorito  was  found  nnlabeled  in  a  collection  of  minerals  made 
by  tlie  late  Gol.  J.  J.  Abert,  aqd  was  presented  to  the  Kational  Mnseum 
by  h  is  son ,  Mr.  J.  T.  Abert.  Tbe  iron,  evidently  not  a  fragment,  weighed 
originally  456  grammeSjandhad  a  specific  gravity  of  7.89.  Aerossseo- 
tiOQ  measored  60  by  37  millimeters. 
(95) 


h 


WASHINGTON   LABORATORY. 
An  aualysiB  gavo  it  tlie  fullowing  composltioD : 


Fe 02.04 

Ni 7.00 


^ 


8 0.01 

C(oambiaed) 0,  ftj 

Ompbita O.oa 

1)9.  Mi 


L1.MI 

I 


Kitriu  ociil  brought  out  very  (tliaracteristic  Widniaustiittiao  flguruK, 
of  the  same  octiihedml  marking  with,  though  soniewhat  coaxser  tbau, 
thoso  of  the  Urontl  Bapids  meteorite.  The  fraoture  i»  distioctly  octa- 
hedral. 


Plu.  t.  Etched  nubce  of  Abert  metnoite  <icta>l  aiie  a(  aeotioat. 


AN  IRON  OP  DOUBTFUL  NATURE. 

This  iron  was  found  on  the  farm  of  A.  L.  Hodge,  3  miles  soathn-est  of 
New  Market  Station,  Jefferson  County,  Tennessee.  It  is  from  a  region 
full  of  small  iron  furnaces,  whence  have  come  a  number  of  the  pseudo- 
meteorites,  among  others  the  Hominy  Creek,  Rutherfordton,  and  Camp- 
bell County  irons.  Special  inquiries  were  therefore  made  by  Pi-of.  Ira 
Saylcs,  who  obtained  the  specimen,  regarding  the  presence  of  furnaces 
in  the  vicinity.  So  far  as  could  bo  leained,  that  locality  waa  free  from 
them.  Full  of  cavities,  the  iron  ia  characterized  by  great  hardness,  defy- 
ing the  use  of  saws.  With  a  specific  gravity  of  7.61,  it  weighed  640 
grammes.  Fragments,  however,  had  evidently  been  broken  off  from  it. 
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The  following  are  the  results  of  an  ana.ysis  : 

Per  cent. 

Fe 88.27 

Ni 0.76 

Co ^    0.19 

Cu 0,03 

As Trace 

Mn 6.73 

Mg 0.14 

P 1.80 

Si 0.15 

C  (combined) 1.46 

Graphite 0.86 

100.39 

Treated  with  nitric  acid,  the  polished  surface  developed  quite  fine 
markings  not  unlike  Widmanstattian  figures. 

Its  high  percentage  in  manganese  is  possibly  an  objection  (not  by 
any  means  all  sufficient)  to  ascribing  to  it  a  meteoric  origin.  The  pres- 
ence of  manganese,  and  in  considerable  quantities,  is  not  so  uncommon 
a«  many  think.  The  Claiborne  and  Bitburg  meteorites,  both  of  unques- 
tioned origin,  contain  respectively  3.24  i)er  cent,  and  4  per  cent.  Further- 
more, while  the  presence  of  nickel  and  cobalt  proves  nothing,  so  large  an 
amount  of  phosphorus  is  not  common  in  a  furnace  product. 
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By  C.  Bards  akd  V.  steouhax.. 


r      lu  Bulletiu  35  we  comiuouicaUid  a  scries  ol'  results  ou  the  utruota.'e 
'  of  Htcel  ofn  given  kind,  tfnipered  bard.    They  showoii,  in  general,  Utut 
from  the  circumference  to  the  axis  of  a  qnenched,  noa-tilalile,  ateel  cyl- 
jmler  himluess  eontitiuiilly  diminishes ;  that  tbe  first  lilable  strata  are 
eueoutitered  at  a  distance  of  about  1"'"  below  the  surface.    MorcoreT, 
I  «8  hardness  decreases,  the  density  of  the  elementary  conasial  eylin- 
Hricnl  sliolls  increases,  and  in  proportion  as  the  layers  liecome  more  and 
rmoi'ti  nearly  or  easily  fllable  the  density  is  found  to  approach  the  density 
iif  soft  Ktpol.     From  an  examination  of  rtMls  of  di tl'crfnt  diameters  (J*™  to 
3"")  it  appears,  steel  of  a  given  kind  presupposed,  that  the  hardness  at 
a  point  is  essentially  dependent  on  the  distance  of  the  point  below  the 
surface.    The  rate  at  which  sudden  cooling  takes  place  must  be  simi- 
larly conditioned.    Hence  it  is  permissible  to  associate  the  one  phe- 
nomenon with  the  other  and  to  state  that  the  hardness  in  a  given  point 
below  the  surface  is  dependent  ou  the  rate  at  which  cooling  there  takes 
place.    This  point  of  view  is  suggestive;  structure  investigations  may 
he  made  to  furnish  us  the  best  means  wo  know  for  the  eomparisoa  of 
hardness  and  rate  of  cooling. 

The  results  cited  apparently  make  sad  havoc  with  physical  theo- 
ries of  temper.  They  seem  indeed  to  be  fatally  at  variance  with  the 
usually  accepted  views,  viz:  that  in  hard  tempered  steel  an  abnormally 
dense  shell  is  arched  around  an  abnormally  rare  core,  the  two  states  of 
strain  mutually  conditioning  each  other.  The  data  may  even  be  looked 
ui>on  as  furnishing  evidence  suflicient  to  prove  the  total  absence  of 
strain.  It  ia  the  object  of  the  present  section  to  investigate  iu  what 
measure  this  evidence  is  critically  sufficient;  if  it  be  insufficient,  to 
state  the  nature  and  relations  of  the  straiu  effect  of  quenching  some- 
what more  clearly  than  we  were  able  to  do  in  our  earlier  work. 

'  Oar  tartier  work  on  tbe  iron  carburets  will  be  foaod  in  Bulletins  Hot.  14, 27,  and  35. 
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lu  our  little  book  on  the  iron  carburets^  we  endeavored  to  coDtrast  the 
respective  merits  of  chemical  and  physical  theories  of  temper,  usiug  for 
this  purpose  all  the  data  known  to  us,  as  well  as  special  results  of  our 
own.  The  deduction  seemed  warranted  that  hardness  and  strain  are 
distinct  and  separate  properties  of  a  tempered  iron  carburet ;'  that  they 
need  not  necessarily  coexist.  Leaving  therefore  hardness  pure  to  be 
explained  chemically,  we  inferred  that  the  category  of  electrical  and 
magnetic  phenomena  exhibited  by  steel  on  passing  from  hard  to  soft 
are  mainly  referable  to  changes  in  the  character  and  intensity  of  the 
strain  which  the  tempered  rod  carries.  We  accepted  the  theory  of  a 
dense  shell  and  a  rare  core  as  being  the  most  satisfactory  and  elegant 
conception  of  the  strain  in  question,  with  the  proviso  ^  that  ^<  it  must 
be  regarded  as  a  mere  diagram  of  the  essential  features  of  the  vastly 
more  complicated  structure  of  the  glass-hard  rod."  Th^se  conditions 
premised,  we  finally  interpreted  all  variation  of  strain  produced  by  an- 
nealing as  the  combined  effect  of  changes  of  the  viscosity  of  steel  due  to 
temperature  and  of  interference  of  thermal  expansion  with  the  said 
strain. 

The  experimental  question  which  we  are  endeavoring  to  elucidate 
may  therefore  be  succinctly  put  as  follows: 

(1)  With  what  degree  of  sensitiveness  do  the  variations  of  the  density 
of  the  rod,  as  a  whole,  indicate  the  corresponding  variations  of  strain  ! 

(2)  Is  it  possible  successively  to  remove  layer  after  layer  of  a  rod  with- 
out materially  changing  the  character  and  Intensity  of  the  strain  which 
the  rod  is  supposed  to  carry  f 

(3)  In  how  far  does  the  actual  structure  of  tempered  steel  differ  from 
the  diagrammatic  distribution  of  density  above  assumed  Y 

(4)  Does  the  process  of  sudden  cooling  impart  strain  alike  in  kiud^ 
but  differing  enormously  in  degree  to  all  substances  Y 

In  our  paper  on  structure  we  had  the  second  and  third  of  these  points 
principally  in  mind.  We  were  unable  to  obtain  direct  and  decisive  evi- 
dence of  the  occurence  of  shrinkage  during  the  removal  of  shells  from 
a  hard  steel  rod.  But  since  the  structure  of  steel  differs  so  largely  with 
the  kind  of  stdel  operated  upon,  we  do  not  regard  our  experiments  as 
made  in  sufi&cient  number  to  be  conclusive.  An  examination  of  the 
density  of  the  elementary  shells  shows  that  the  character  of  the  density 
at  any  point  regarded  as  a  function  of  the  distance  of  a  point  below 
the  surface  is  harmonic'  To  investigate  this  relation  it  is  unfortunately 
necessary  to  make  the  measurements  for  thin  (J™™)  shells.    Hence  the 


»BaU.  U.  S.  Geol.  Surv.,  No.  14,  p.  76,  1885. 
«Id.,pp.  103,  197 

»  Ball.  U.  8.  Geol.  Surv.,  No.  14,  pp.  95-98 

^  We  do  not  neceaearily  refer  to  mere  volume  expansion  here.    See  Wrightsou,  Jour. 
Iron  and  Steel  Inst.,  II,  p.  418,  1879. 
»  Ball.  No.  35,  U.  S.  Geol.  Surv.,  p.  32,  1886. 
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mean  amplitude  of  ribratiou  and  the  limita  of  the  unavoidable  errors  of 

observation  are  of  the  same  order.    To  tliscrimi  uate  between  tbe  peritKliu 

iS'ect  of  temper,  which  may  show  regular  or  irregular  periodicity,  and  tbe 

ftpparontly  periodic  distribution  of  mere  errors  of  observatiou  is  diD5 

>  eult  and  requires  very  nice  and  careful  observatiou.    In  Bulletin  35  ve 

I  Attempt  to  arrive  at  this  discrimiuation  by  making  minute  comparisons 

'  4tf  the  Btrnctures  of  rods  of  the  same  kind  of  steel  and  of  the  same 

'  or  of  different  diameters.    I'his  procedure  is  excessively  laborious;  it 

1  ealls  for  a  detailed  coDstructiou  of  the  relation  of  the  density  aud  the 

I  position  of  the  points  along  any  given  radius  of  the  rod  and  subse- 

queut  examination  of  the  properties  which  the  divers  diagrams  have  iu 

■  oominon.    We  have  gathered  many  data,  but  tbe  work  is  as  yet  incniU' 

plete,  and  the  reader  desiring  further  information  will  have  to  be  referre*) 

r  to  Bulletin  35,  where  the  whole  subject  is  discussed.    Esperinient  on 

the  fourth  of  tbe  above  topics  we  have  now  iu  progress  and  shall  publti«li 

later.    This  narrows  the  purposes  of  this  paper  to  the  consideration  of 

tbe  lirst  aud  most  imporbtut  of  the  above  poiuts,  ^nz:  In  what  degree 

Itlie  density  of  a  hard  steel  rod  at  diU'ereut  i>oints,  even  when  measured 
'with  all  attainable  accuracy,  is  snfticiently  sousitive  to  represent  the 
character,  relations,  and  intensity  of  the  temper  strain. 

I  DBNSITY  AND  RKSISTAMCK  (BTKAIM)  OY  l-KUl-EItBD  STKEL. 

Erperimental  results. —  The  discussion  may  be  appropriately  com- 
menced by  an  exauiiiiatiou  of  tbe  variation  of  density  of  steel  succes- 
sively annealed  from  hnrd  to  soft.  Our  experiments  on  this  subject, 
made  in  some  number,  are  detailed  in  Bulletin  No.  27,  U.  S.  Geological 
Survey,  and  from  this  we  select  a  digest  of  data  sufBcient  for  the  con- 
struction of  the  following  graphic  comparison,  a  comparison  which  did 
not  fall  properly  within  the  scope  of  the  inquiry  in  Bulletin  No.  27, 
and  heuco  was  there  omitted.  It  is  necessary  to  reiterate  that  the  di- 
mensions of  the  steel  rods  used  were  as  follows : 


JJ 

" 

1              21          IS 

„„„  i 

1 

Dismotcr 

piece 

fpleCMlCdi).-. 

...  1 

"1 

It  was  our  constant  endeavor  to  so  anneal  as  to  exclude  all  errors  due 
to  superficial  oxidation  and  carburation.     Whether  this  was  accom- 
plished remains  to  be  seen.    In  Fig.  7  tlie  temperature  at  which  the  rod 
was  annealed  is  given  as  abscissa,  tbe  corresponding  density  an  ordinate- 
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The  commercial  density  for  the  respective  'cases  is  indicated  by  an 
attached  c 


c'^soSs. 


^     I 


TiQ.  7.  Diagram  showing  variation  of  the  density  of  steel,  with  temperature  of  annealing. 

Biseussion. — ^We  advert  in  passing  to  the  fact  that,  whereas  density 
increases  contiiinally  on  passing  from  hard  to  soft,  resistance  passes 
through  a  pronounced  minimum. 

Whether  we  regard  ^o  as  a  function  of  resistance  or  of  the  tempera- 
ture ^  at  which  the  rod  was  annealed,  the  relations  investigated  lead 
to  an  important  inference  with  an  immediate  bearing  on  our  present 
purposes.  It  appears  plainly  that  the  annealing  of  a  rod  successively  from 
extreme  hard  to  extreme  soft  does  not  exhibit  the  characteristics  of  a  single 
and  homogeneous  phenomenon.  This  annealing  presents^  two  distinct 
and  independent  phases,  which  merge  into  each  other  when  IP  corre- 
sponds to  incipient  redness.  The  graphic  representation  of  Jo  varying 
with  t^  shows  this  transition  with  singular  clearness.  Between  19=^  200 
and  1P=i  500  all  the  loci  pass  through  two  consecutive  circumflexures  in 
such  a  way  as  to  change  the  general  and  pretty  uniform  contours  of 
concavity  downwards  into  convexity  downwards  for  the  interval  in 
question.  The  division  of  the  complete  phenomenon  into  two  parts  be- 
ing thus  suggested,  we  find  on  farther  inspection  that  the  variations  of 
the  electrical  constants  of  temper  subside  almost  completely  within  the 
first  of  these  parts  (annealing  between  0^  and  350^) ;  whereas  in  the 
second  part  (annealing  between  350^  and  l,000o)  they  become  crowded 
and  complex.  It  follows  plausibly  and  at  once  that  during  the  first 
of  the  phases  under  consideration  we  encounter  the  subsidence  of  a 
mechanical  strain.  This  inference  gains  much  in  weight  when  we  find 
that  this  strain  vanishes,  in  the  way  peculiar  to  phenomena  of  vis- 
cosity, at  a  slowly  decreasing  rate,  through  infinite  time.*    In  the  sec- 

*  In  other  words,  the  temper  strain  yaniahes  just  like  the  simple  "  drawu  "  straiiiH 
imparted  by  the  wire  plate  while  the  wires  carrying  them  are  each  exposed  to  the 
prolonged  action  of  temperature.— Bull.  No.  14,  U.  S.  Geol.  Surv.,  p.  93. 
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ODii  pbaae,  mecbauical  nml  cliemiual  occurrencea  are  Kiiperimposeil  ami 
tlie  above  results  do  uot  enable  us  to  disentangle  tliem. 

The  final  important  deduction  &om  the  data  is  tliia,  that  during  the 
first  pLase,  in  wbicli  the  larger  values  of  resi-stance  are  from  two  to  three 
times  tlie  smaller  values,  the  variation  of  density  is  slight.  In  the  sec- 
ond phase  we  enconiiter  large  variations  of  deusity  associated  with 
small  variations  of  resistance. 

These  curiouii  relations  characterize  the  phenomenon  as  a  Trhole.  We 
shall  interpret  them  partially  at  least  below. 
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Ejrperimeninl  rcaults. — This  result  substantiates  the  evidence  in  fovor 
of  the  existence  of  strain  in  hard  steel  adduced  in  our  earlier  papers.' 
Beyond  this  it  shows  almost  conclusively  that  the  density  effect  of  the 
annealing  of  hard  steel  is  out  of  all  i)roportion  and  sirnometry  with  the 
strain  effect  and  the  corresponding  electrical  eflect.  We  were  desirous, 
therefore,  of  studying  the  temper  strain  in  substances  other  than  steel 
and  free  from  carbon.  Long  ago  glass  had  suggested  itself  to  us  for 
this  purpo.se.*  We  communicate  in  the  following  Table  II  the  density 
effect  produced  by  successive  annealing  of  ordiuary  Prince  Rupert  drops. 
Twelve  of  these  were  iuhaud.  Three  were  broken  to  test  the  strain,  the 
remainder  examined.  All  the  drops  contained  included  bubbles,  one 
or  more,  often  0.2''">  to  0.3'''"  in  diameter  and  distributed  irregularly. 
Usually  a  few  large  bubbles  prodortiiiiated.  Tlie  drops  moreover  showed 
apurple  coloration,  which  disappeared  after  annealing  at  incipient  red- 
ness.* To  anneal  the  drops  at  different  temperatures  we  inclosed  them 
in  a  test  tube^cushioued  upon  and  surrounded  by  carded  asbestos.  The 
end  of  the  tube  was  submerged  sufficiently  to  cover  the  Prince  Knpert 
drops  in  boiling  camphor,  mercury,  sulphur,  &c.,  as  given  in  the  table. 
To  anneal  at  red  heat,  the  drops  were  suspended  in  little  baskets  of 
platinum  foil,  in  the  center  of  large  thick  clay  crucibles,  and  then  heated 
to  the  desired  temperature  in  an  assay  furnace.  Under  all  circum- 
stances but  one  care  was  taken,  to  cool  the  drops  slowly.  Table  II  con- 
tains under  "  temper"  the  temperature  and  time  of  annealing,  not  in- 
eluding  the  time  of  cooling,  however.  The  column  »j  gives  the  weight 
of  each  drop  in  grammes.  Variations  of  m  are  due  to  accidental  breakage 
of  the  frail  stems  of  the  drops.  Where  no  such  breakage  occurs  vi  is 
constant.  ^,  is  the  density  of  tlie  drops  at  tP ;  Jni  Unally,  is  the  density 
of  tlie  drops  at  0°  C,  under  the  conditions  given.  Each  Jt  is  the  mean 
of  two  independent  determinations  and  is  correct  to  witbiu  one  or  two 
units  of  the  third  place. 

1  Bull.  No.  14.  U.  S.  Geol.  Siirv.,  pp.  88-103. 
"Wied.  Aun.,  VII,  p.  406,  1ST9. 

>The  color  of  tliu  drops  is  aiuetbyaliiie.     Mr.   S.B.  RiggB,  of  tlie  U.  S.  Geological 
Survey,  kindly  aiialywci  tlio  glass  nml  found  manganese. 
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Table  II.— Tmptr,  wriffftt,  anil  dMutly  of  qtunehed  gtau  ( Prinee  Rupert  dropt)  »raoewIv«Ijr 


AsDMled,  BSOo,  ao- (DwreniT)  -  } 

Aniiii«lBd.Bl*>,l<l-.. f 

Anonlsd.  red  hMt | 

AuDuled,  red  hut 

AuDUled,  nd  beat 

QaaDohed < 

AnoMled,  3BI1°,  ao-  (mercary)..  | 

Aannlsd,  MV.  ID" j 

ADnMlgd,redliMt 

qnBnchfd j 

Aiui«alB<l.SI)0°,  IS-(i>uBfBii«)'-. 
Ai)neBled.»0°,3(N i 

Qoraohid I 

AtiaaBled,»0<>.lS> 

Aiui«>Ieil,3a(|0,»- j 

Qneiiehed i 

AniMded.  300°,  1^  30*  (camphor) . 
AnDMled,  3«i°,  IMni'rcar;) . . .  I 

AnaMJed.  MO".  30-  (nilphar)..  | 

Aniuirfed,  SSO",  10- 

A^noled,  red  but ...j 

Q™«h»d { 

Aiioealed.  VKfi,  1'  M-  (ciniphor), 
Aonesled,  MO'.  1*  (mercarTI .  --  J 
AsiMled,  4MO.  30-  Molpbar)..  j 

Aiuinl<)d.5S0°,ll^  

ndbnt J 

i 

QoBocbed t 


2.tMl 

Z.tWH 

■Li3M    . 
£1392 


2.43M   . 
1.43U 


1.4378    . 
2.4333 
143*4    . 


fOobbloa    end    nolar   vuiih. 
Slow  eoollnic  i  torta  at  drop 

mind  Id  lir. 
wliMl  alairry. 

j  Babble*  1  ooloT. 
Do, 


!  Bubblea  i  mloT. 


3.4fil4 

1.1321 


! Babble*:  color. 


Color  i-anlaboe;  ilow  ooolinc. 
Bubbl<4  Tuilih :  fwai  of  ilmp 
partially  changed. 


Color  vaolahei*  bIow  toolln)!. 

1  Bobbin  cone  c  fiirmofiiroppar 

tially  changed ;  slow  cooUng. 
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Taslb  II. — TVmjMr,  teeight,  and  dentit/  of  g««ncAn{  glcti,  ^c. — Contlnaed. 


,  AauMltd.  340°,  30*  (marenry)  ■ 
AundUad,  360°.  S' (mercDTrl  -  -  { 
Annulled,  450°,!'  (tulpbarj ...  J 
Anuflfitcd,  4W>,  4'  (oulplinrl . . . .  j 

AnniNilrd,  red  heM 

Quenchwl .-. { 

ami»iiliM!.J(W.30-{ni«t(mrT)..{ 

AnDCOkid.  3804,3' [ 

Annooltil,  «0».l' \ 

Anne<(lod,»»»,4» J 

A.BnD>IMl,  redbeM 


1. 447*     ; 

e.uTi  . 

E.451S    1 


LaT4B  ■. 
1.S]'44  : 
1.ST4S 


A.   a^      I 


2.49(11    . 
S.4n8     : 


Bnlililejind  color  gone;  ilow 
(HwlLng;  form  of  droji  par 
tially  chniiKed. 


Table  III,  following,  is  constructed  to  facilitate  a  comparisoii  of  the 
important  (lata.  The  second  and  third  colmiins  contain  the  densities 
of  the  extreme  states  of  temper,  the  original  quenched,  "bard,"  and 
the  final  "soft,"  or  tboroiigbly  annealed  stiite.  The  remaining:  columns 
contain  the  increments  of  density  due  to  quencliing,  relative  to  the 
density  of  the  soft  state,  the  relative  increments,  in  other  words,  which 
are  retained  at  the  divers  temperaturen  given. 

Table  III. — Snannnrs  <ihnicing  (di'si/i/  of  I'riiicc  Rupert  dropn,  qiimchirl  ana  auneaUiI, 


No. 

".■::'■ 

l)•'n^<it 

-Incnnx-utrrlatlTolD' 
MHP.    1   380°.       4S0=. 

<ifl,"iv],(n.-iiine 
(KO^.)  1  ((i.W=.) 

nkdal- 
R»l  heat. 

J 

14345 

-0.0006 
-0.0004 

VOW 

2,4012    -0.0222 !-0.0202 

-0,0000 

^ 

2.  436.-. 

:::::::: 

-«.  ooai 
+0.0007 

. 

'    0  0"07 

■>  4001  '     0  020.T 

! 

! 

-0-01«4 

J:Z 

+  0MO4 

0  0007 

. -_ 
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Discussion. — ^The  salient  featares  of  these  data  are  obv^ioas  from  an 
inspection  of  Table  III.  The  density  effect  of  qaeuching  is  decidedly 
negative,  the  increase  of  specific  volame  id  exceptionally  large.  More- 
over, the  nine^  Prince  Bnpert  drops  examined  exhibit  nearly  the  same 
initial  depsity  and  nearly  the  same  final  density.  The  approximate 
equality  of  the  values  Jo  for  the  soft  state  is  easily  explained.  It 
indicates  that  in  proportion  as  we  bring  the  strain  to  vanish  we  reach 
the  normal  density  of  the  glass.  It  is  not  so  easy  to  acconnt  for  the 
observation  that  the  density  of  the  PrinpiB  Rupert  drops  shows  almost 
the  same  degree  of  equality  in  the  hard  (quenched)  state.  Indeed,  if 
we  take  the  fact  into  consideration  that  the  drops  invariably  contain 
bubbles  distributed  irregularly,  and  without  apparent  relation  as  regards 
size  and  number,  the  difiiculties  of  explanation  are  increased.  In  other 
words,  it  is  an  exceedingly  striking  and  important  result  that  the  vol- 
ame increase  due  to  quenching  is  quite  as  much  the  same  for  all  drops 
as  is  at  all  possible  for  the  case  of  so  complicated  an  operation.  We 
are  thus  led  to  this  inference:  Inasmuch  as  bubbles  are  present  in 
like  total  volume  in  each  of  the  drops,  their  presence  cannot  be  a 
circumstance  of  mere  accident;  they  must  be  regarded  as  a  normal 
effect,  or,  better,  a  necessary  result  of  the  operation  of  quenching  ap- 
plied to  glass;  they  must  in  some  very  intimate  way  be  connected  with 
the  strain  which  the  glass  globules  have  experienced  in  virtue  of  sud- 
den cooling. 

Retaining  this  very  reasonable  surmise  in  mind,  we  proceed  to  a  more 
minute  inspection  of  the  effect  of  annealing  the  hard  Prince  Rupert 
drops.  We  obtain  results  very  similar  to  those  investigated  above  for 
steel.  The  density  effect  of  annealing  is  decidedly  positive,  and  is 
greater  as  temperature  and  time  of  exposure  are  increased.  Again,  we 
readily  divide  the  physical  effect  of  annealing  into  two  parts  or  phases. 
The  first  of  these  corresponds  to  the  annealing  temperatures  0°  to  500o, 
the  other  to  higher  temperatures.  The  range  of  temperatures  corre- 
Hponding  to  the  first  phase  is  therefore  larger  for  glass  than  for  steel ; 
and  if  we  compare  Tables  I  and  II  it  appears  obviously  that  for  like 
density  effects  the  annealing  temperatures  must  be  chosen  higher  in 
the  former  case  (glass)  than  in  the  latter.  But  the  change  of  density 
encountered  in  both  instances  is  small ;  and  yet,  in  spite  of  the  small 
density  effect  during  the  inferior  stage  of  annealing,  by  far  the  greater 
intensity  of  strain  vanishes.  The  drops  after  annealing  &t  200^  are  still 
explosive ;  if  they  be  broken  after  having  been  annealed  in  boiling  sul- 
phur at  450O  they  are  found  to  have  lost  all  traces  of  the  explosive  prop- 
erties which  the  originally  quenched  drops  possessed.  Professor  O.  X. 
Rood'  informed  us  that  the  polarization  figures  could  be  quite  wiped 
out  by  annealing. such  ordinary  glass  as  exhibited  them  only  as  far  as 
the  temperature  of  melting  zinc.    We  infer  that  at  the  end  of  the  first 

^  Farther  (incidental)  examples  are  ^iven  iu  the  next  section,  p.  115. 
^Besults  obtained  by  Professor  Rood  during  his  experiments  with  high  vacua. 
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phase  of  annealing  we  have  in  band  a  hollow  glass  globule  practically 
&e«  from  strain. 

During  the  second  phase  of  the  annealing  phenomenon  (5(H)°  to  lOWJO), 
we  observe  a  very  prououuced  change  of  the  (lensity  of  the  Prince 
Itupert  drops,  corresponding  to  the  above  result  for  steel.  But  the  ex- 
planation is  here  readily  at  band;  at  incipient  redness  the  incloaed 
bnbbles  disappear  or  are  reduced  to  mere  specks.  The  large  increment 
of  density  in  question  is  therefore  nothing  more  than  aa  espressiou  for 
the  collapseof  the  viscous  hojlowglobuleiu  virtue  of  atmospheric  press- 
ure. This  important  observation  enables  ua  to  interpret  all  the  phe- 
nomena of  annealing  satisfactorily.  It  mnst  therefore  be  carefully  ex 
amined. 

We  shall  endeavor  to  prove  tiiat  tbe  bubbles  are  vacna,  that  they  are 
not  accidental  inclusions  of  gas  or  aqneons  vapor.  The  teuiperatuit- 
from  which  glass  is  quenched  is  certainly  less  than  150(P.  Tbe  tem- 
perature at  which  glass  is  suHiciently  viscous  to  yield  easily  to  atmos 
pheric  pressure  is  certainly  greater  than  600°.  Suppose  now  that  the 
changes  of  volume  of  the  bubble  were  tbe  result  of  thermal  expansion 
of  an  included  gas.  Let  r,Mo  and  r-Kw  be  the  volumes  of  the  gaseous 
inclusion  at  1500°  and  500°,  respectively,  under  normal  pressure.  Let 
r,  and  v,  be  tbe  volumes  of  tbo  gas  bubble  for  the  quenched  (hard)  and 
anaealed  (soft)  states.    Then  we  deduce,  a  fortiori, 

-<— =2.3  (1) 

With  this  aa  a  point  of  departure  the  following  little  digest  of  mean  re- 
sults. Table  IV,  has  been  prepared.  Here-tn  is  the  mean  mass  of  all  tbe 
drops  examined ;  Jt,  J„  V„  V„  their  moan  density  and  total  volume  for 
the  hard  and  the  soft  states,  respectively;  v  is  tbe  mean  volume;  r  the 
equivalent  mean  radius  of  the  bubbles.  In  the  second  horizontal  row 
Fj  has  been  diminished  one-half  percent.,  to  refer  all  volumes  to  the  be- 
ginuing  and  end  of  tbe  second  phase  of  anneabng. 


Vj, 

V, 

...^ 

,«- 

1500=. 

5«.. 

IMOC. 

500=. 

a,54S4 

..L 

B.01M 
D.00S3 

O.I)OK 

0.143 

0.107 
O.OM 

r" 
?,'" 

Mean  nt  =  1.328S  g 

"  Hard :"  Mean  J.  =  2.4363  ±  0.0008 
"Soft:"    Mean  J.  =  2.4011  ;1^  0.0016 
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Inasmnch  as'the  valaes  t^soo  and  rsoo  are  inferior  limits,  it  is  clear  tbat, 
if  the  bubbles  were  gas  or  vapor,  they  would  be  of  the  same  order  of 
visibility  before  and  after  annealing.  In  other  words,  if  the  bubbles 
were  gas,  casual  inspection  would  not  detect  a  difference  of  their  size 
in  the  "hard'^  (quenched)  and  in  the  "soft''  drops.  In  the  experiments, 
however,  the  bubbles  all  but  vanish.    Hence  they  cannot  be  gas. 

To  obtain  additional  assurance  on  this  point  we  ground  flat  faces  on 
the  annealed  drops  Nos.  1,  5,  and  8,  and  then  measured  the  size  of  the 
inclusions.    We  found  these  values : 

No.  1:  r.  =  0.000037 -. 
No.  5:  1?.  =  0.000062~ 
No.  8:  r,  =  0.000040". 
Mean :  v,  =  0.000046  ". 

From  actual  measurement  therefore  we  find  ^ 

^'*>100  (2) 

a  result  wholly  incompatible  with  ^  <  2.4,  as  derived  above  (Table  IV). 

It  follows  conclusively  that  the  bubbles  are  not  accidental  gas  inclu- 
sions and  that  only  an  insignificant  part  of  the  variations  of  volume  pro- 
duced by  quenching  can  be  referred  to  thermal  expansion  of  gas. 

If  the  gaa  were  aqueous  vapor  and  if  dissociation  were  complete, 
then  the  upper  limit  of  (1)  would  have  to  be  increased  in  the  ratio  of 
3: 2.  This  does  not  remove  the  discrepancy  between  (1)  and  (2).  More- 
over, since  dissociation  of  water  is  only  incipient  at  1500<^,  and  is  not 
even  complete  at  the  temperature  of  melting  platinum,  the  volume  varia- 
tion of  the  bubbles  cannot  be  due  to  the  presence  of  water  in  the  bub- 
bles. 

If,  on  the  other  hand,  we  endeavor  to  explain  the  bubbles  as  vacui- 
ties* left  by  the  contracting  glass,  we  arrive  at  accordant  and  reasonable 
results.  Let  t  be  the  temperature  to  which  the  homogenous  glass  drop 
must  be  heated  in  order  that  the  observed  mean  volume  of  the  soft 
state  may  be  equal  to  the  observed  mean  volume  of  the  hard  state. 
Then,  since  volume  increases  at  an  accelerated  rate  with  temperature, 

where  a  is  the  ordinary  coefiQcient  of  linear  expansion  of  glass.  By  in- 
serting the  values  of  Table  III  into  (3)  we  derive 

f<900o. 

In  other  words,  the  quenched  globule  has  retained  tbe  volume  which 
the  hot  glass  possessed  at  a  temperature  certainly  smaller  than  OOCP. 
This  result  taken  together  with  the  other  is  conclusive  (see  p.  112). 


*  Very  analogons  to  Torricellian  vacua. 
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The  general  resalt  of  our  invp^tigation  on  the  process  of  snddeii  cool- 
ing, therefore,  poiut^  out  the  fundamental  importance  of  a  rigid  shell. 
As  the  material  (glass  or  steel)  cools,  contraction  as  a  whole  takcK 
place  not  ceutripetall;  but  centrifu gaily,  i.  e.,  not  towards  the  center 
of  the  figure,  but  away  from  it.  So  long  as  the  interior  remains  liquid  or 
TiSGous,  the  result  is  simple  sepuratiou,  commencing  at  points  wbere 
minute  air  bubbles  may  pre-exist,'  rather  than  at  points  of  the  con- 
tinuity of  glass.  The  final  result  is  a  vacuum  bubble  such  as  we  have 
observed.  lu  proportion  as  the  interior  becomes  rigid  the  temper  stntin 
appears.  Should  the  ghias  bold  gases  in  solntion,  they  would  tend  to 
escape  into  the  vacua  in  question.  There  is  probably  another  reason 
why  in  most  instances  the  hubbies  cannot  tte  brought  completely  to  van- 
ieli.  Annealing  reverses  the  whole  pbenomenon.  The  small  changes  of 
density  observed  iu  the  first  phase  mivy  be  easily  Hccouiited  for :  it  is 
probable  that  during  these  stages  of  annealing  the  rearrangement  of 
molecules  and  disappearance  of  struin  are  accompanied  by  expansion 
inward  toward  the  vacua.  Hence  the  incommeuaurately  small  varia- 
tion of  mean  density  which  aocoiiipaitie»  the  great  optical  effects  (glass) 
and  the  great  electrical  effects  (st«el).'  During  the  second  stage  of 
annealing,  again,  the  density  effect  is  Incommensurately  large;  for  glasR 
it  is  the  expression  of  a  mere  collapse,  due  to  the  atmospheric  prcss- 
nre.  At  all  events  the  density  effect  (error)  due  to  bubbles  quite 
swallows  up  the  density  efiect  due  to  strain.  Hence  to  represent  the 
true  ivlatioii  of  (Icnsity  and  ri'sistiirico  or  of  density  iiiid  iimipaliiig 
temperature  in  case  of  steel,  it  may  be  necessary  to  lower  the  part  of 
the  curves  corresponding  to  the  second  phase  of  atiDealing  by  amounts 
equivalent  to  the  bubble  or  fissure  discrepancy,  or  else  for  like  reasons 
to  raise  the  parts  of  the  curves  corresponding  to  the  first  phase.  If 
this  be  done,  the  circumflexures  become  less  pronounced  or  disappear, 
and  the  points  for  the  commercial  soft  state  are  more  easily  referred 
to  the  curves  to  which  they  belong.  If,  therefore,  allowance  be  made 
for  the  distortion  due  to  internal  sensible  pores,  the  relations  become 
more  uniform. 

It  is  interesting  to  observe  that  glass  retains  tlie  volume  expansion 
corresponding  to  a  temperature  somewhat  below  900'^,  whereas  steel 
retains  the  volume  expansion  of  a  tempei-ature  below  400°.  Similarly, 
the  strain  insteelis  very  perceptibly  affected  by  annealing  temperatures 
as  low  as  50°,  whereas  for  glass  the  perceptible  annealing  effects  are 
only  incipient  even  at  200°.  The  amount  of  strain  retained  is,  ci«teiis 
paribus,  not  merely  a  function  of  thfiviscositj' of  the  material  subjected  to 

'Priuee  Rupert  drop  No.  1,  hoatod  intetiHelj  in  a  Mast  lamp  ami  cooled  in  air,  sbows 
a  (lecrcDient  of  donsitv.  This  is  diie  to  t1i(>  rapid  conling;  for  when  tbia  drop  is 
hf-atiid  and  cooled  in  tlie  cmcilile,  denaity  is  a);»iu  iucrnmenteil.  The  exp«rimeDt 
•lionrn  tbo  tcndcucy  of  glasa  to  retain  striiins.  Diirin;;  thcheatiii);  t«  1000^  no  expan- 
sion of  the  very  sm:tl]  liiiliblcs  nax  oliMrvablo. 

'Tlio  electrical  and  optical  criteria  may  be  coiisiilirred  equally  sensitive. 
—  (,108) 
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qaenchiDg ;  it  most  depend  also  on  the  heat  condactivity  of  this  sub- 
stance. For  instance,  if  like  figures  of  glass  and  of  steel  be  quenched 
alike,  then  at  the  same  time  and  depth  the  thermal  gradient  would  be 
much  steeper  in  the  cs^e  of  glass  than  in  the  case  of  steel.  Hence,  caBteris 
paribus,  during  quenching  a  rigid  shell  is  possible  in  the  case  of  glass  for 
higher  temperatures  of  the  core  than  in  the  case  of  steel.  The  sudden 
contraction  of  the  shell  (pressure)  has  a  marked  effect  on  the  melting 
point  or  degree  of  fluidity  of  the  core.  But  it  is  best  to  waive  this  ob- 
servation here,  for  the  want  of  data  to  interpret  it. 

We  have  finally  to  jsonsider  the  bearing  of  the  results  of  this  paper  on 
the  structure  of  steel.  The  detailed  similarity  observed  in  the  anneal- 
ing of  glass  and  of  steel  suggests  the  inference  that  the  interior  of  hard 
steel  may  be  sensibly  fissured.  Under  all  circumstances  the  diagram- 
matic structure  of  dense  shell  and  rare  core  would  be  inaccurate  to  the 
extent  in  which  these  fissures  are  irregularly  distributed.  Hence  the 
difficulty  of  developiug  the  true  character  of  the  dependence  of  the 
density  (<^)  at  any  point  upon  the  distance  of  this  i>oint  below  the  sur- 
face. We  are  able  to  account  in  part  for  the  quasi-harmonic  relations 
obtained  both  by  Dr.  Fromme^  and  by  ourselves.'  While  the  consecu- 
tive shells  are  being  removed  by  solution,  periodic  fluctuation  of  <^  must 
result  whenever  fissures  are  invaded.  If,  furthermore,  we  take  into 
consideration  that  the  density  effect  of  even  great  intensities  of  temper 
strain  is  small,  it  jappears  that  the  true  nature  of  the  strained  structure 
of  tempered  steel  may  be  beyond  the  discernment  of  the  density  method 
of  investigation  altogether.  The  gross  variation  of  density  along  the 
radius  is  a  carburation  phenomenon. 

POULRISCOFIC  OBSERVATIONS. 

In  this  place  we  desire  to  substantiate  the  earlier  inferences  of  this 
section  and  to  give  sharper  expression  to  them.  We  therefore  repeat 
Professor  Rood's  experiments  on  the  polariscopic  effect  of  continuous 
annealing  of  cooled  glass  at  low  temperatures.  Our  object  is  merely  to 
detect  variations  in  the  polarization  figure  produced  by  annealing  or, 
later  in  our  work,  by  the  removal  of  superficial  shells.  Hence  it  is  suf- 
ficient to  examine  the  drops  in  a  given  fixed  position  between  polarizing 
plates.'  Disturbances  due  to  diffuse  refraction  are  satisfactorily  elimin- 
able  by  submerging  the  Prince  Eupert  drop  in  glycerine,  the  refractive 
power  of  which  is  nearly  that  of  the  glass.  The  demarkation  is  then 
distinct  and  the  colors  Clear,  so  that  the  figures  can  easily  be  drawn. 
The  necessity  of  grinding  special  faces  or  plates  is  thus  fortunately  ob- 
viated, for  in  case  of  the  quenched  drop  such  operations  are  not 
feasible. 

» Wied.  Ann.,  VIII,  p. 356, 1879. 
«  Bull.  No.  35,  U.  8.  GeoL,  Surv.  p.  36. 

3  We  are  indebted  to  Professor  Hitchcock  for  the  use  of  a  simple  bat  efficient  reflect- 
iog  polarisoope,  formerly  the  property  of  Professor  Joseph  Henry. 

am 
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Id  the  ciiacof  sitnple  annealing,  rarialiuns  of  the  pohiiizatioti  tiguri; 
Me  clue  to  a  diiuiuutiou  of  what  we  may  loosely  call  the  liirefractivo 
power  of  the  Prince  Rnpurt  drop.  lu  the  case  of  removal  of  shells,  iii> 
desorihed  in  the  oext  section,  vartittious  of  tigiij^  result  from  dituinn- 
tion  of  thickness,  possibly  associated  witli  dimitmtioii  of  bJrefractive 
power.  The  Rolutiou  of  the  drop  in  hydrofluoric  acid  does  not  materi- 
■ftlly  interfere  with  its  transparency.  The  optic  observations  may  there- 
fore be  continued  indefinitely. 

Our  polariscopic  experiments  were  znade  with  the  Prince  Rupert 
drops  Nos.  1,  2,  4,  6,  and  Nob.  3,  5,  7,  8,  9,  The  ftrst  four  of  these  were 
Bimply  auuealed,  the  remainder*  examined  after  consecutive  removals 
of  eheltu.  It  is  expedient  to  describe  only  the  experiments  with  an- 
nealeil  drops  in  this  section.  These  experiments  aresoBtrikiug  aud  so 
BBsily  repeated,  on  the  one  baud,  atid  so  difficult  to  reproduce  accurately 
>in  a  drawiug,  on  the  other,  that  the  following  very  careful  free  hand 
sketches  of  the  main  features  of  the  figures  are  bore  iusertet),  priucipally 
tor  pnriioses  of  record.  The  cuts  represent  Prince  Kupert  dropa  Nob.  1, 
2,  4,  and  (i  in  fixed  position  between  uicols. 

On  uiiuualing  as  far  as  T=  200°,  variations  of  figure  are  not  cer- 
tainly perceptible.  After  very  lougauuealing  at  this  temperature  (200°) 
«  faint  indueuce  appears,  but  is  restricted  to  change3.of  color.  It  is 
IKirtieulariy  to  be  observed  that  the  position  and  contours  of  the  origi- 
nal polarization  figure  show  a  very  obvious  relation  to  the  position  of 
the  included  bubbles  (black  spots  in  the  fifrnre).  This  was  the  iiiviiri- 
able  result  for  all  the  Prioce  Bupert  drops  examined.  It  is  in  accord 
with  our  iuference  of  '■  ceutrifugal "  contraction,*  discussed  above.  At 
200°,  therefore,  change  of  strain  in  glass  is  incipient.  The  Prince  Ru- 
pert drop,  if  broken,  is  still  explosive,  though  perceptibly  less  so  than 
the  original  drop. 

After  one  hour  of  annealing  in  boiling  mercury  (^00°)  the  changes  of 
the  polarization  figure  are  obvious.  Tlie  whole  a|)peara»ce  is  more  dif- 
fuse, the  colors  bolder  aud  broader,  aud  the  demarkation  less  distinct 
and  delicate.  These  striking  observations  can  only  partially  be  repro- 
duced in  a  figure.  We  have  encountered  very  marked  diminution  of 
birefr&ctive  iiower.  After  seven  hours  of  annealing  in  boiling  mercury 
the  evidences  of  diminished  birefractive  power  have  visibly  iucrea.sed. 
The  figures  as  a  whole  are  simpler,  the  coloration  more  gross. 

Finally,  after  annealing  in  boiling  sulphur  (450'?),  the  polarization 
figurehiis  wholly  vanished;  we  have  in  hand  a  hollow  glass  globule,  free 
from  a^olotropio  strain.  We  show  on  page  121  that  the  substance  of  the 
Prince  Rupert  drop  is  under  a  straiu  of  dilatation.  It  is  necessary  to 
bear  in  mind  that  the  isotropic  part  of  this  straiu  is  not  dcmonBtrable 
by  optic  means.  The  drop  annealed  at  4.'>0°,  however,  has  wholly  lost 
its  explosive  character. 

^  CHOI 
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7X0/  8.  Polarization  figares  of  Prince  Bnpert  drops. 


(Ill) 
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Here  we  eDConnter  the  first  important  analogy  between  the  opticul 
bt^barior  of  qaeuclied  glass  and  tlie  electrical  behavior  of  qiieucUiHl 
steel.  We  shall  show  that  this  paraHeUtiin  extends  even  into  details. 
Change  of  strain  in  glass  is  incipient  at  300°,  in  steel  at  50°.  Change 
of  a-olotropic  strain  in  glass  is  complete  at  a  temperatnro  certainly 
greater  than  350°  and  less  than  450°.  The  corresponding  superior  limit 
for  steel  cannot  be  so  well  defined.  In  both  cases  the  essential  de{>eQd~ 
ence  of  the  result  to  be  reached  on  the  temperature  and  the  time  of 
annealing  (asymptotic  relations)  is  tLe  marked  feature  of  the  phenom- 


I   §  II.    THE  STBAIN   IMPARTED  BY  SITDDEN   COOLING,  AND   ITS  6TBDCT- 
UBAL   RELATIONS. 

In  the  last  section  wccom]>ai-ed  the  etraius  experienced  by  glass  and 
I  by  steel  on  sudden  cooling  by  aid  of  the  density  variations  observed  ou 
annealing  the  bodies  carrying  strain  asajckolc.    Onr  purpose  in  this  sec- 
tion is  to  investigate  the  density  relations  of  consecutive  similar  sbells 
of  the  Prince  Itnpert  drop  anil  the  optical  character  of  the  successive 
I  cores.     Availing  ourselves  of  all  the  evidence  adduced  in  ocr  iuvesli- 
t  gation  at  its  present  stage,  we  endeavor  again  to  show  that  the  optical 
effect  of  the  temper  strain  in  glass  may  be  regarded  as  the  precise  anal- 
ogou  of  the  electrical  efUjct  of  the  temper  strain  in  steel. 

CERTAIN   OBKBRAL   PIIOPKRTIKS   <|K   TI£B   PRINCE   RUPERT  DROP. 

It  is  well  known  thatmerobreakageof  thetailof  a  Prince  Bupert  drop 
is  sufficient  to  shatter  it;  the  splinters  fly  apart  with  explosive  vio- 
lence. It  is  not  so  well  known  that  the  same  drop  may  be  dissolved 
in  hydrofluoric  acid  to  a  mere  spicule  without  exploding.'  This  pecu- 
liar behavior  calls  to  mind  certain  properties  of  nitroglycerine,  inas- 
much as  this  substance  may  be  burned  off  quietly  iu  a  wick'but  ex- 
plodes on  percussion.  Itis  in  keeping,  moreover,  withDr.  F.  A.  Gooch's 
ingenious  suggestion  that  in  the  quenched  globule  we  may  possibly  en- 
counter a  polymerization  of  the  molecular  structure  of  the  annealed 
globule.  Butthe  fact  that  the  strain  is  of  an  ordiuary  mechanical  kind 
is  proved  by  the  observations  of  Table  V,  in  which  the  behavior  of  Prince 
Rupert  drops  from  which  different  thicknesses  of  shell  have  been  re- 
moved by  solution  is  described.  In  the  table,  "diameter"refers  to  the 
mean  transverse  thickness  of  the  drops  ;  '^  and  /i,  to  the  thickness  and 
the  mass,  respectively,  of  the  dissolved  shells.  After  removing  a  suf- 
ficient depth  of  shell,  the  residual  explosive  properties  were  te8te<l 
either  by  crushing  the  reduced  drop  longitudinally  iu  a  vice  or  by 
striking  in  the  same  direction  with  a  hammer. 

'  De  Liiynes  appears  to  liavo  been  tlio  first  to  diBsolvo  the  drop  in  HF  (C.  R.  LXXVI, 
I  p.  346, 187.1).  Hu  alHudiaciiBseselaboralcly  the  effects  produced  by  cutting  glass  with 
I  emery  (C.R.LXXXr.341, 1875).  Soiub  earlier  work  ou  the  vacuum  linblilo  is  dae  to 
Senacb  (Fhil.Mag.  (i),  XSXlV.p.lCG,  1807). 
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Table  V,— Explosive  qualitiea  of  Prince  Rupert  drops. 


No. 

Minutes 
I11H.F. 

DiAineter. 

^ 

M 

12 

0 
5 
0 

10 
0 

14 
0 

30 
0 

0.848 
0.835 
0.796 
0.766 
0.795 
0.760 
0.774 
0.712 
0.795 
0.688 
0.826 
0.720 
0.763 
0.539 
0.791 
0.557 

cm. 
0.006 

9- 

10 

0.015 

11 

0.017 

13 

0.031 

0.291 

3 

0.0M 

0.493 

5 

0 

'0.053 

0.401 

7 

0 

0.112 

0.723 

8 

0 

0.117 

0.752 

Remarks. 


iShAttered  on  bieakinjc  base  of  tail.    EzplosiTe  tendency 

>  diminished  in  marked  degree. 

iSliattered  on  being  split  longitadinally.    Fragments  par- 

>  tially  oohere. 

^Shattered  on  being  spUt  longltodinally.    Fragments  par- 

>  tially  cohere. 

>  Shattered  on  being  split  longitndlnally.   Fragments  mor  e 

>  coherent 

>Is  not  shattered  on  splitting.  Conehoidal  fraotare. 

>Is  not  shattered  on  splitting.  Conehoidal  fintoture. 

>Is  not  shattered  on  splitting.  Conehoidal  fracture. 

>Is  not  shattered  on  splitting.  Conehoidal  fracture. 


The  table  sbows  that  the  explosive  tendency  of  the  Prince  Eapert 
drop  becomes  rapidly  less  pronounced  as  ttie  thickness  of  removed  shell 
increases,  that  this  tendency  is  very  perceptibly  impaired  by  the  re- 
moval of  less  than  ^^^  of  shell,  and  that  it  vanishes  almost  wholly 
after  the  removal  of  J™™  of  shell.  If  the  radius  of  the  drop  be  dimin- 
ished about  0.03®<"  the  particles  of  the  fractured  globule  frequently 
cohere,  and  the  original  structure  may  then  be  inferred  from  the  gen- 
eral direction  and  distribution  of  the  fissures.  The  arrangement  of 
the  individual  fragments  is  quite  characteristic :  they  are  found  to  be 
fiat,  irregular  conoids,  with  their  apices  toward  the  line  of  symmetry 
of  the  drop,  their  bases  in  its  surface  —  an  arrangement  something 
like  the  eye  of  an  insect,  or  even  more  like  the  fruit  cone  of  a  spruce 
tree.  In  other  words,  the  radial  structure  of  the  fissured  Prince  Rupert 
drop  is  very  distinctly  marked.^  This  proves  that  the  original  (un- 
broken) drop  must  have  possessed  a  box-within-box  structure ;  that,  if 
the  bubbles  were  symmetrically  disposed,  particles  similarly  situated 
with  reference  to  the  line  of  symmetry  would  be  in  like  states  of  strain. 
But  the  law  according  to  which  matter  is  distributed  from  circumfer- 
ence to  axis  cannot  be  inferred,  since  the  stated  phenomena  follow 
equally  well  both  for  surface  dilatation  and  for  surface  compression. 

All  the  Prince  Eupert  drops  examined  were  found  to  scratch  onli- 
nary  glass  with  facility  ^  but,  on  removing  the  strain  firom  the  drops  by 
annealing  them  at  white  heat  and  slowly  cooling  them,  their  hardness 

'This  struoture  is  frequently  yiaible  in  fragmenta  of  large  tempered  steel  projectil(*8. 
I  liave  found  glass  rods  which  on  sadden  heating  break  up  into  flat  fragments  syiu- 
metrically  disposed  around  the  axis  of  the  rod  or  again  into  symmetric  conoidal  shells 
(see  note  on  researches  of  De  Luynes,  on  preceding  page). 

(113) 
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did  not  observably  cliange.  Theliaid  (juality  wna  ttiereforo  a  property 
of  the  glass  itself  aiul  waa  uot  imparted  by  mecUauiciil  treatninat.  In- 
deed, on  rultbiug  togetber  11  queiK^bei)  and  an  aunealed  Prioce  Ru{)ert 
drop  no  difference  of  bai-duess  uoiild  lie  diacttrned. 

OICSKKAI.  STltCCrUBAL   KPFECTg    PBODLXED    BV   SCimE.N   COOLING, 

In  Bnlletiu  3D  we  oommuuicated  a  series  of  results  ou  tbe  resistance  of 
consecutive  couEixial  layei'S  of  steel  rods. 

Wo  tbere  showed  tbat  it  is  difficult  to  arrive  at  accnrate  values  for 
specific  resistance  iu  these  measnre meats,  for  we  encounter  very  small 
values  of  total  resistance  at  tbe  inception  of  the  experiments  and 
Binall  and  irregular  values  of  seetioDal  area  at  the  close.  Inasmuch  as 
Bectiona  are  necessarily  measured  too  large,  the  values  for  specific  re- 
sistance, So,  nre  too  large,  and  the  error  increases  rapidly  as  we  pass 
from  greater  to  smaller  diameters.  Tbe  nienn  error  of  So  is  certainly 
several  per  cent., and  beuco  the  re^stances  of  elementary  sbellscalcu- 
lated  from  these  data  are  only  approximations.  Nevertheless  our  re- 
sults are  important;  they  prove  that  iu  the  case  of  hard  rods  less 
than  O.G'""'  thick  tbe  values  of  resistauce  taken  from  circumference 
to  axis  along  tiny  radius  do  not  perceptibly  diminish.  It  was  this 
curious  result,  uppai-eiitly  adverse  to  the  hypothesis  of  strain,  which 
induced  us  to  examine  the  corresponding  behavior  of  quenched  glass. 

Tbe  diameters,  -p,  of  Prince  Ilupert  drops  Nos.  ;j,  5,  were  succes- 
sively  reduced'  an,  Jbllow.s; 


The  polarization  figures  drawn  after  each  of  these  reductions  are 
subjoined. 

The  figures  of  each  drop  retained  a  uniform  character  throughout 
and  showed  no  further  loss  of  delicacy  of  demarkation  and  of  colors 
than  could  be  referred  to  diminished  thickness.  Unfortunately  it  is 
not  easily  possible  to  discrtuunate  between  the  effect  of  decrement  of 
diameter  and  the  possibly  concomitant  effect  of  lessened  birefractive 
power.  Hence  tbe  experiments  fail  to  indicate  whether  the  removal  of 
consecutive  shells  by  solution  is  accompanied  by  changes  of  strain 
(shrinkage).  If  the  fragments  of  a  shattered  drop,  submerged  in 
glycerine,  be  examined  under  the  microscope  between  crossed  nicols, 
the  presence  of  strain  in  the  individual  splinters  is  quite  clearly  appar- 
ent. It  is  well  to  note  that  marked  polariscopic  evidence  of  strain  re- 
mains long  after  the  explosive  properties  of  the  Prince  Bupert  drops 
have  disappeared.  We  infer  that  tbe  electrical  behavior  (resistance)  of 
the  successive  cores  of  a  hanl  steel  cylinder  is  not  unexempiified  by 
tbe  optical  behavior  of  successive  cores  of  a  Prince  Rupert  drop ;  though 

'We  tl(>siBtc(I  from  fiirtbcr  rcilnction  of  iliuuicter  iu  oriler  not  to  enter  the  babbles. 
(1141 


BABus  AHD  flT!u>uHAL.]    SUDDEN  COOLING  OF  GLASS  AND  STEEL. 


115 


it  is  difficult  to  say  whether  the  behavior  of  the  partial  bodies  in  either 
case  (partial  strains)  is  at  all  comparable  with  the  behavior  of  the 
bodies  as  a  whole  (temper  strain). 


Fio.  9.  PolftriEAtion  flgarea  of  successive  cores  of  Prince  Rupert  drops. 


In  this  place  it  is  well  to  advert  to  certain  important  data  of  Table  IX. 
Having  removed  two  shells  (total  thickness,  »9i+f?2  =  0. 04«"')  from 
each  of  the  Priuce  Rupert  drops  Nos.  10  and  11,  the  core  deusities  were 
found  to  be  2^166  and  2.4147,  respectively.  We  then  annealed  them 
in  sulphur  (450^),  and  found  for  the  densities  of  the  anucaled  cores 
2.4263  and  2.4261,  respectively.  This  iucremeut  is  quite  as  large  as  is 
observed  when  the  drops  are  annealed  as  a  ichole}  Hence  we  fail  to  ap- 
preciate any  diminution  of  strain  duo  to  solution.  Moreover,  we  prove 
conclusively  that  the  increment  of  density  which  is  observed  on  anneal- 
ing at  the  said  temperature  (450^)  is  a  true  increment  of  the  density  of 
the  substance  of  the  Prince  Eupert^drop ;  that  is,  not  a  partial  collapse 
of  the  drop  in  virtue  of  atmospheric  pressure.  In  other  words,  the 
observed  after  action  is  inherent  in  the  glass  itself,  as  we  pointed  out 
elsewhere.* 


DISTRIBUTION  OF  DENSITY  IN  PRINCE 


RUPi 


RT  DROPS. 


Results. — Availing  ourselves  of  the  property  of  the  Prince  Rupert 
drop  to  dissolve  quietly  in  hydrofluoric  acid,  we  arrived  at  tl\e  follow- 
ing results  (Tables  VI  to  X)  for  the  variations  of  density  along  trans- 
verse radii  of  the  drops.    In  these  tables  ^^diameter"  denotes  the  mean 


1 J  I,  p.  104. 


' )  I,  p.  108. 
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■ausverse  tbickntiss  of  lliu  euecessive  oorea ;  M  and  ^,  show  their  Dia«s 
*aDcl  their  (leu.sity  at  tb^  temperature  t }  Jg,  their  meau  tleusity  at  O-C. 
Fnrtherraore,  /■,  ^,  rf,  li,  donote  the  maae,  thickness,  density,  and  mean 
radius,  respectively,  of  the  consecutive  shells.  If  the  »"■  core  J)e  left 
after  the  removal  of  nshells,  then  thesaffixesto  the  number  of  the  drop 
iu  the  first  column  tfive  the  history  of  the  drop  siicciuctly.  Nearly  all 
the  measurements  are  made  indejieudently  iu  duplicate.  j3t  may  be 
relied  upon  to  within  two  units  of  the  third  place ;  S,  to  one  unit  of  the 
second  place.  In  no  case  was  solution  carried  so  far  as  to  invade  the 
maiu  bubbles  of  the  drops;  the  drops  were  chosen  as  nearly  as  possible 
free  from  small  bubbles.  The  fusions  were  made  in  platinum  baskets 
easpeuded  in  thick  closed  clay  crucibles.  This  insured  very  slow  cool- 
ing. 

Tablk  VI. — Striiclure  of  Prinet  Rupert  itopi  guenahed. 
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The  following  densities  were  found  for  glass  very  slowly  cooled  from 


M 0.3103       0.3424       0.1W79 

.4„ 2.495  2.498  2.S01 
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TiiblcVnt,  ctiDstracted  on  the  plan  described  for TaUcs  Viand  Viri 
coutaiDs  r(!snlts  for  tbe  variation  of  density  along  the  transverse  axis  of 
drops  anDealed  in  boiling  fioipbur  at  450°.  Polari»coi>ic  obserration 
shoved  these  drops  to  be  free  from  Htraio. 
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In  Table  IX,  fiiiidlj',  we  give  tlie  rcstilta  for  the  Prince  Rupert  drojts 
Nos,  10  and  II.  Tlie  first  twosliells  werercinovud  from  the  drops  while 
ill  the  original  {(lucndied)  state.  lioth  were  then  annealed  for  two 
honrs  at  45(P  and  a  fnrther  removal  of  shefl  ctfeotcd.  The  numbers  re- 
fpiTJng  to  Hie  annealed  state  are  primed.  In  olber  re8[>ects  tbe  notation 
is  that  of  the  precedingtablcs. 
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Tablb  IX. — Structure  of  Prince  impcrt  drops, — Continued. 
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Discussion. — ^An  inspection  of  Tables  VI  and  VII  shows  at  once 
that  ^0}  the  density  of  consecutive  cores,  continually  decreases.  This 
is  easily  accounted  for,  since  the  bubble  error  becomes  relatively  large 
as  the  mass  {M)  of  the  Prince  Eupert  drop  decreases. 

If  we  construct  the  density  of  consecutive  shells  {6)  as  a  function  of 
their  mean  radius  {R)  and  then  compare  the  diagrams  which  obtain  for 
the  five  Prince  Eupert  drops,  Nos.  3, 5, 7, 8, 9,  we  find  that  the  loci  have 
no  salient  feature  in  common.  Possibly  an  increase  of  (^  as  we  approach 
the  deeper  layers  may  be  discernible,  but  it  is  Indistinct.  Hence  the 
true  variation  of  S  from  surface  to  axis  of  a  Prince  Eupert  drop  is  here 
unrecognizably  obscured  by  errors  of  observation.  Indeed,  we  shall 
find  below  that  the  probable  total  variation  of  d  attributable  to  strain 
will  not  fkr  exceed  0.5  per  cent.  The  accuracy  of  6  is  certainly  not 
within  this  figure.  Again,  if  we  compare  the  contours  of  corresponding 
curves  d  =f{R)^  in  Table  Vfor  drops  free  from  strain,  with  each  other  and 
with  the  contours  belonging  to  Tables  III  and  IV,  we  encounter  fluctua- 
tions of  the  same  kind  in  both  cases.  These  errors  include  the  inaccura- 
cies of  mere  measurement  (the  mass  of  the  drops  is  unfortunately  small 
and  the  pycnometer  methods  are  not  easily  applicable),  as  well  as  such 
discrepancies  as  result  from  the  unavoidable  invasion  of  small  bubbles 
during  solution. 

If,  however,  we  compare  the  mean  values  of  d  for  strained  shells 
(Tables  VI,  VII,  and  IX)  with  the  mean  values  of  d  for  shells  free  from 
strain  (Tables  VII  and  IX),  we  find  the  latter  values  (unstrained  glass) 
always  in  excess  of  the  form^  ^^  other  words,  although  our  results 
ure  insufficiently  sharp  to  enaole  us  to  describe  the  exact  nature  of  the 
temper  strain  in  glass,  they  do  permit  us  to  classify  it  as  a  strain  of 
dilatation^  so  far  as  we  have  observed,  throughout  the  substance  of  the 
drop.    This  observation  is  of  importance,  and  we  have  therefore  drawn 
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up  the  following  genenil  tnbuliir  uumparisoii,  to  Hiipplement  the  siwciiil 
anil  dircut  comparison  givtn  in  Table  IX. 

In  Table  X  A,  is  the  deusity  of  theglaas  itself  after  thorough  anneal- 
iug  at  red  heat,  as  found  in  our  earlier  section,  page  1 1",  tbcdatam  belnc 
the  mean  value  for  six  drops ;  A',  ia  the  density  of  the  glass  after /(«(oii 
in  a  platinam  basket  and  very  slow  cooling.  The  iidditioual  increment 
of  the  deusity  of  the  glasB  thus  produced  is  to  be  noted.  S^  and  3'  iIg- 
note  the  densities  of  shells  strained  (t^uencheil)  and  unstrained  (annealed 
at  450°),  respectively.  The  sixth  column  contains  the  relative  value  of 
decrement  of  density  for  each  drop;  the  second  colamn,  finally,  tbe 
nnmberof  shells  whose  average  3  ia  the  datum  given. 

TabI£  X, — Dcntity  relalioiu  of  Itmptred  gtait  rclatire  to  tnft  gla»a  (miaii  rt€»tU  Jm 
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To  facilitalc  further  comparison,  we  insert  also  the  corresponding 
table  for  steel.'  Here  2  p  are  the  diameters  of  tliu  steel  rods;  J,,  J„ 
J„  their  densities  in  the  hard,  the  soft,  ami  tlio  commercial  soft  states, 
respectively.  J',  finally,  denotes  the  obst-rred  densitie.s  of  steel  attbe 
end  of  the  first  phase  of  annealing  (350°),  and  therefore  apjdies  for  rods 
free  from  icolotropic  strain.  The  table  gives  us  the  following  relatiTe 
decrements  of  density:  column  first,  the  total  decrement;  columos 
second  and  third,  the  decrements  corresponding  (o  the  first  and  second 
phases  of  annealing,  respectively. 


'  SCO  Bull,  Ko.  27,  U.  S.  Geo 
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Table  Xh-^DenHty  variations  of  tempered  steel  relative  to  soft  steel. 
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No. 

2p 

Aa-A« 
A« 

• 

Aa-A' 

A'-A« 

I 

1.00 
0.68 
0.18 
a23 
0.08 

0.0048 
0.0155 
0.0171 
0.0133 
0.0150 

0.0018 
0.0060 
0.0068 
0.0080 
0.0088 

0.0020 
0.0095 
0.0103 
0.0058 
0. 0116 

II 

61to63.... 
0 

21  to  29.... 
Hean... 

0. 0131 

0.0052 

0.0079 

Tables  X  and  XI  show  that  both  in  the  case  of  glass  and  of  steel  tbo 
mean  strain  effect  of  sadden  cooling  is  dilatation  throughont  the  mass 
of  the  quenched  material,^  that  the  mean  amounts  of  dilatation  for 
glass  and  for  steel  are  of  like  order,  and  that  the  strain  in  glass  exceeds 
that  of  steel.  We  find,  in  general,  that  the  psactically  measurable 
value  of  density  is  not  a  satisfactorily  sharp  datum  for  discerning  the 
primary  causes  of  the  electrical,  the  optic,  and  the  magnetic  variations 
of  the  substance  quenched.  These,  therefore,  will  have  to  furnish  nice 
descriptions  of  strain  and  interpret  what  we  have  called  elsewhere  the 
individuality  of  magnets. 

In  the  above  paragraphs  we  have  pursued  the  analogy  between  tbe 
optical  behavior  of  .tempered  glass  and  the  electii^cal  behavior  of  tem- 
pered steel  into  every  detail  of  consideration  which  urged  itself.  We 
availed  ourselves,  moreover,  of  additional  criteria  given  by  the  density 
relations  of  the  whole  or  of  similar  parts  of  the  bodies  quenched.  At 
every  stage  of  our  work  we  reached  data  alike  in  character  both  for 
steel  and  for  glass.  With  these  results  we  are  further  justified  in 
maintaining  that  sudden  cooling  of  steel  is  accompanied  by  a  strain  effect 
of  a  distinct  and  individual  kind  and  of  an  intensity  sufficient  to  ac- 
count for  the  electrical  properties  of  steel  (thermo-electric  and  resist- 
ance constants)  such  as  we  have  found  them. 

In  one  of  the  earlier  paragraphs  of  the  present  paper  we  pointed  out 
that  in  its  divers  relations  to  hardness  steel  is  distinguished  from  glass. 
To  further  our  investigation  it  will  therefore  next  be  necessary  to  inquire 
more  specifically  into  the  causes  of  hardness  itself,  and  at  the  same  time 
to  endeavor  to  throw  light  on  the  mysterious  transformations  of  carbon. 

§  in.  THE  HYDEO-ELECTKIC  EFFECT  OF  TEMPER. 

Our  original  object  in  writing  these  papers  was  that  of  elucidating 
questions  having  reference  to  the  carburation  of  steel,  from  a  purely 
physical  standpoint.  The  reasoning  available  to  the  physicist  is,  how- 
ever, of  an  analogical  kind,  and  therefore  as  dangerous  as  it  is  fascinating. 
Hence,  in  view  of  the  time  already  spent,  it  seemed  expedient  to  en- 

'  If  ''qaenching''  means  sadden  cooling,  then  if  the  solid  quenched  be  massive  and 
thick  the  deep  layers  cannot  be  quenched  in  virtue  of  their  position. 
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deavor  to  cut  more  nearly  down  into  the  Leart  of  the  inquiry  and  to 

dctorminci  directly  th©  carbon  relations  of  steel  as  a  function  of  t)i« 

temperature  {Oo  to  4(MP,  400°  to  1000°)  and  of  the  time  of  annealing, 

and  to  do  this  with  full  reference  to  tbe  pbyslcal  occurrences  observwl 

In  the  first  and  second  pbases  of  the  phenomenon.     So  far  as  we  know, 

M.  Caron'  alone  has  occupied  himself  witli  similar  work;  but  liis  re- 

Bearches,  being  largely  restricted  to  the  extreme  states  "hard"  aud 

l'  "soft,"  are  incomplete.    The  carbnration  effeotof  annealing  at  measured 

'   t©mi)eratureH  during  stated  times  is  quite  unknown. 

I       Gla.sa  hard  steel  rods   about  O,!""  in  diameter  and  tempered  uni- 

f  formlyiu  the  way  described  elsewhere*  were  each  broken  into  four 

rfiearly  ctiiial  parts  and  four  samples  of  hard  steel  identical  in  composi' 

[  tion  and  temper  were  thus  obtained.     Tlieso  snmploa  were  annealed  at 

J  20o(glas8  hanl),100a4'',200oi'',360oif',1000O5™,re«poctively.    Having 

'.  treated  these  with  cold  dilute  hydrochloric  acid,  we  found  that  the 

',  rods  annealed  at  20°  and  at  IO(P  diasolred  without  perceptible  residue 

'  to  a  clear  liquid;  thosoannealcdatSOO'^lcrta  trauo  of  flocculent  carbon. 

'  Sods  annealed  at  360°  yieldodflucculent  carbon  in  considerable  ainonnt; 

I  rods  annealed  at  1000°,  linally,  a  comparatively  copious  and  bea\-y 

I  carbon  precipitate.    The  residues  were  collected  in  a  weighed  Gooch 

I  crucible  (sisbestus  fiIt^^r),  thoroughly  washed  in  the  usual  way,'  dried, 

I  weighed,  ignited  in  oxygen,  again  weighed,  and  the  loss  of  weight  on 

i-.i^Qition  estimated  as  carbon.    The  results  thus  obtained  are  sufficient 

for  the  present  purposes : 


M'        3800,1'       lOWf.S- 
D.IMOT      <O.IHK>T  O.OOOB  0.00-.'!  0.  OOt; 


In  a  second  seriefi  of  similar  experiments  we  found— 


In  general,  c  increases  at  an  accelerated  rate  with  temperature.  The 
largo  datum  for  the  commercial  state,  as  compared  with  the  smaller 
values  oft  for  steel  softened  by  mere  heating  to  redness,  is  an  interesting 
feature  of  these  results.  The  importance  of  the  time  effect  is  also  to  be 
noted.  Temperatures  as  low  as  100^,  when  acting  on  hard  steel  for  long 
intervals  of  time  (10''),  produce  perceptible  precipitation  of  the  carbon 
in  steel. 

'  Caron :  Compt.'s-nMid.,  LVi.  l>p.  i^,  -il  1.  325.  ISfi:!. 

-Ball  14,  U.  S.  Geol.  Surv.,  ji.  «»,  LStii;  liiill.  27,  U.  S.  Geol.  Surv.,  p.  30,  1986. 
>UBiufe'  dilute  IICl,  liot  water,  uoliitioD  KOH.  nlcoUol,  and  ctber.      Sec  Blair:  Ke- 
port  of  llie  Board  on  Testing  Iron,  &c.,  J,  i>.  "14.     Woaliiugton,  1M81. 
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On  closer  inspection  it  appeared  that  steel  annealed  at  lOQo  is,  cseteris 
paribus,  more  easily  soluble  than  glass  hard  steel ;  steel  annealed  at 
200<^  more  easily  soluble  than  steel  annealed  at  100^,  and  steel  annealed 
at  360O  more  easily  soluble  than  steel  annealed  at  200^.  In  other  words, 
the^tbte  at  which  solution  takes  place  in  general  increases  as  temper  con- 
tinually decreases.  These  curious  results  were  substantiated  by  anneal- 
ing one-half  of  short  glass  hard  rods  (ca.  5^™  in  length)  at  red  heat  on 
dissolving  in  HGl,  the  diameter  of  the  soft  length  is  diminished  more 
rapidly  than  the  diameter  of  the  hard  length.  The  diminution  is  usually 
greatest  near  the  middle  of  the  rod,  where  hard  and  soft  parts  meet, 
showing  probably  that  local  galvanic  action  here  produces  a  perceptible 
result.  At  the  same  time  steel  annealed  for  hardness  at  a  temperature 
in  low  redness  is  probably  more  soluble  than  steel  in  any  other  state  of 
temper,  hard  or  soft.    Examples  are  given  in  the  next  table. 

If  we  define  the  rate  of  solution  as  the  mass  dissolved  per  unit  of  area 
per  unit  of  time,  then  in  case  of  two  submerged  cylinders,  for  which 
during  the  time  t  the  radii  arereduced  from  poto  p  and  from  po  to  />', 
respectively,  the  rates,  Cieteris  paribus,  will  be  to  each  other  as  corres- 
ponding values  of  the  expression — 


pdp 

Ttp        ' 


or  as 


Po-P 
Po-P^ 


The  following  table  contains  some  of  the  results  obtained  with  rods 
in  the  hard  {h)  and  the  soft  (s)  states,  respectively,  dissolved  in  acid, 
HCl,  under  identical  conditions,  m  refers  to  the  middle  parts  of  the 
rods,  concerning  which  mention  has  already  been  made.  These  ratios 
are  subject,  of  course,  to  large  variations  (1  to  20),  depending  on  the 
method  of  annealing,  &c.  The  table  is  a  fair  exhibit  of  average  values. 
The  rods  are  lettered  A,  B,  0,  D. 


Table  XII. — Rates  of  solution  of  hard  and  soft  steel, 

|0nj;inal  diarnetor,  Spo  -  '1 120'^'".] 


1 

1 

Diameter. 

A. 
0.111 

B. 

C. 

1 

h 

0.111 

1 
0.110 

m 

0.101 

0.100 

o.ooe 

i 

0.102 

0.103 

0.102 

h 

0.101 

0.100 

0.100 

m 

0.080 

0.084 

0.083 

i 

0.094 

0.C02 

0.091 

k 

0.069 

0.071 

0.073 

m 

0.045 

0.045 

0.043 

ff 

a087 

0.070 

0.070 

D. 


0.110 
0.100 
0.103 
0.090 
0.081 
0.090 
0-072 
0.044 
0.071 
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Rates. 


A. 

B. 

c. 

D. 

Mean 
rate. 

1.0 

1.0 

1.0 

1.0 

1.0 

1.7 

1.7 

1.8 

1.6 

1.7 

l.G 

1.5 

1.5 

1.4 

1.5 

1.0 

1.0 

1.0 

1.0 

1.0 

1.7 

1.6 

1.6 

1.7 

1.6 

1.3 

1.3 

1.3 

1.3 

1.3 

1.0 

1.0 

1.0 

1.0 

1.0 

1.4 

1.5 

1.6 

1.5 

•      1.5 

1.0 

1.0 

1.0 

1.0 

1.0 
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Taulb  XII.— Raid  o/.o?«/i" 

no/ hard  ao 

I  le/t  »IkI 

-  Continood 

Dl.n.ttr.                            1                        R.1B,. 

- 

B. 

C.      j      D. 

A. 

a 

c. 

D. 

Kmb 

Hits 

t.m 

0.IV1 

o.m 

1.0 

L* 

0,11s 

0. 11a 

OitIR 

0.110 

0.119 
0.11B 

M 

11 

1.0 

0.103 

0.10« 

0  UM 

<k  101 

].« 

10 

2.0 

0.000 

U.O'V 

o.m 

i.n 

, 

0.0(3 

0001 

0.0S2 

O.OM 

1.8 

10 

I.» 

B.0T8 

0.0TT 

0.077 

O.0T1 

1.0 

1.0 

to 

• 

«.m 

9.0W 

o,oji 

D.04I 

■ 

XO 

10 

1.1 

LB 

|0l1glBBldii>i»tor.CM-a. 

OK".] 

i:::;:: 

O.KT 

s.m 

0.DTO 

o.a» 

0.M3 

0.000 

«.nT 

0.0*1 
0.0TO 

0.051 

ftna 
1.0M 
o.ng 

0.0M 
0.000 

e.OM 
0.0H 
0.000 

i.1 

LS 
tl 

1.0       >.0 
li      4.0 

18       l.» 
1.0      1.0 
LO      It 

1.0 
1.0 

to 

L. 

t.a 

It.! 
1.0 

From  tbeso  results  we  inferred  that  hard  and  tempered  steel  would 
probably  be  diatiuguialiablebjdro-eleRtrically ;  tbat,  for  the  first  phaw 
of  the  plienomeiia  of  annealing,  at  leant,  tbis  dUtinction  migfat  be  idotc 
debcate  tliim  tbe  estiination  of  in-ccipitatc-il  cai-bon.  To  test  tbis  in- 
ference wo  selected  tbe  rods  Kos.  1  to  12,  {juout;}jod  uiiiformly  glass 
bard  by  our  metbod.  Tbesu  were  tben  broken  in  tbe  middle  and  tbe 
first  balf  of  cacb  roil  was  left  in  tbo  glass  bard  state.  Tbe  other  halves 
were  aniieale<l  in  pairs  at  20°,  100°,  4'',  185°,  360°,  450°,  1000©,  respect- 
ively. Ill  order  to  anneal  these  (long)  rods  uniformly,  we  nsed  a  special 
device  by  which  tbey  were  drawn  vertically  upward  through  a  zone  of 
constant  temperature  by  clock  work.  If  ft  be  the  height  of  this  zone 
and  p  tbe  radius  of  tbe  disk  or  drum  revolving  once  an  hour,  tbeu 


is  tbe  time  of  annealing  in  hours.  Again,  if  we  make  h  =  2^*,  then  tbe 
time  of  exposure  in  bpurs  is  tbe  reci])rocal  of  tbe  radius  of  tbe  disk  in 
centimeters.  Tbe  great  advantage  of  this  metbod  of  annealing  is  that 
it  requires  but  a  very  small  zone  of  constant  temperature;'  it  is  there- 
fore applicable  at  all  temperatures  and  almost  invaluable  for  high  tem- 
perature work  (500°  to  1500°),  where  zones  of  a  definite  constant  tem- 
perature are  not  easily  produced.  In  tiiis  way  wc  obtained  six  pain 
ofhydro-electriccouplcs,eacli  of  which  consisted  of  glass  hard  steel  and 
tbe  same  steel  annealed  at  one  of  tbe  temperatures  st>ecifled.  Our  flrat 
results  were  investigated  with  a  zero  metbod,  and  showed  clearly  that 


7t(0M)    - 


•  cyliudrital  (igiiru  bainj;  Biifficicnt. 


(121) 


0ABUS  Axo  BTBOUHAL.]    SUDDEN  COOLING  OF  GLASS  AND  STEEL. 


125 


annealed  steel  is  hydro-electrically  positive  with  reference  to  bard  steel 
and  that  the  electromotive  force  increases  with  the  difference  of  temper. 
But  in  view  of  the  large  polarization  discrepancies  incident  to  these 
measurements,  the  electrometer  is  preferable  to  the  zero  instrument. 
The  following  results  were  obtained  with  Mascart's  apparatus  adjusted  to 
indicate  0.001  volt  accurately.  The  electrodes  of  the  steel  couple  were 
immersed  in  a  concentrated  solution  of  pure  zinc  sulphate  contained  in 
a  U  tube,  the  two  limbs  of  the  tube  receiving  the  two  steel  wires.  We 
kept  them  scrupulously  bright  by  repeated  scouring  with  sand  paper. 
In  the  tables  we  give  the  electromotive  forces,  e,  of  the  divers  couples  of 
bard  and  tempei'ed  steel,  as  well  as  the  probable  mean  error,  d  e,  of 
each.  The  means  of  the  two  values  of  e  for  each  temperature  of  anneal- 
ing are  given  in  the  second  horizontal  row  and  fairly  exhibit  the  hy- 
dro-electric effect  of  temper  in  question. 

The  following  data  are  the  mean  results  of  four  sets  o2  measurements 
of  five  observations  per  set.  The  rods  were  scoured,  before  beginning 
the  first  and  the  third  of  tiiese  sets. 


Annealed  at  20° . . . 
Annealed  at  100<)., 
Annealed  at  100<>.. 
Annealed  at  3C0<3  . 
Annealed  at  450<3 . . 
Annealed  at  1000^ 


No. 


«X10« 

0 

±* 

10 

±13 

I 

+  12 

o 

-  2 

3 

+  19 

4 

+20 

5 

+36 

6 

+  34 

7 

+35 

8 

+  40 

11 

+49 

e«xio« 


±i 

±5 

±3 
±1 
±3 
i3 
±3 
i3 
±4 


Mean 
«X10» 


12 


+54 


I  ±0.009 

I +4).  000 

I  +0. 020 

^^  !{ +0.035 
i3  ,>^ 

1+0.037 
=^^'^0.052 

±4   y 


The  following  data  are  the 
tions  per  set;  rods  scoured 
ments: 


mean  results  of  four  sets  of  five  observa- 
betbre  cominenciu^  each  set  of  measure- 


No. 
9 

eXlO»       <J«JX10» 
±  5  '  

Mean 

«xio» 

Annealedat  20° } 

I  ±0.003 
} +0.007 
1  +0. 022 
}  +0.030 
J +0.039 
I  +0. 058 

Annealed  at  100° 5 

Annealed  at  100° | 

Annealed  at  360^ f 

Annealed  at  450<) j 

Annealed  at  1000° 5 

10 

1 

o 

3 
4 

5 
6 

7 

8 

11 

12 

±  2  1 

+  8  '             1.3 

+    7;                 ±1 

+  20                ±3 
+  24               ^2 
+  34  '             ±5 
+  27  i             J  1 
+  35  ,             ±2 
+  43  ;             ±2 
+51  1             ±2 
+C5              ±5 
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The  following  data,  fiually,  are  the  mean  results  of  two  HetB  of  three 
ohservatious  per  set;  roda  scoured  before  commencing  each  set  of 
measurements: 


Mo. 

*X1C 

fcXlO" 

?.% 

A>ui(..M>tM<>                 i 

U 

+  ' 

+]« 
+» 
+M 

+87 
+*> 

j+0,Ml 

Aiini«l8a«ll«l" J 

AlUH»1l>aAtl«)° [ 

AinoalediitHIP I 

Aimi*lBd»ttfllP ) 

AniiHilMl  at  1,»IW S 

l\ 

The  electromotive  forces  here  oncoaDtered  are  email.  It  ia  iiecessarj' 
to  take  extreme  prcfautiooa  against  all  sources  of  error ;  otherwise  mere 
discrepancies  of  polarization  will  escet-d  the  lnrjj:est  values  of  electro- 
motive force  (e)  found.  If  the  parls  of  the  liquid  in  which  the  atcel 
wirea  are  immersed  differ  at  all  in  com))08ttion  we  lOiiy  look  for  a  diffM-- 
cuco  of  potential  at  the  surface  of  separation  of  those  parts.  The  num- 
ber of  such  Biirfaces  in  a  solution  of  solid  liquid  or  gas  may  he  indefi- 
nite. Hence  it  appeared  desirable  to  repeat  the  above  experiments 
with  distilled  water  in  place  of  zinc  sulphate,  to  exchange  the  limbs  of 
the  U  tube  twice  for  each  series  of  measurements  (commutation),  and  to 
submerge  equal  surfaces  of  steel  electrode  in  all  cases.  The  results 
follow : 


*'•'"'■      <x"l"' 

!, 

AnnealtdfllllW. |                ^ 

;;; 

;  I !  H-= 

AnnMl^itlWP }!              3 

+  .1 

;  M-"-"' 

Aone»[6dat3fl0o J 

I 

+» 

*          1  +0.  (*9 

Adt,MledBt45ff> J 

:':i"--» 

Anneal*!. I  lOOO^ { 

+MS 

::[!--■» 

A  few  supplementary  data  are  contained  in  the  next  table,  where  Nos. 

1  and  II  are  {+)  iron  /(— )  steel  couples,  both  metals  in  the  soft  state; 

Jfo.  Ill,  a  couple  of  nominally  identical  iron  wires;  Nos.  I"V  and  V, 

couples  consisting  of  steel  in  the  commercial,  drawn  state  [+),  and  the 
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same  steel  softened  by  heating  to  redness  (— ).    The  coaples  are  im- 
mersed in  water. 


L 

IL 

IIL 

IV. 

V. 

«xio« 

«X10» 

«xio» 

«xio» 

«xio» 

4-26±3 

+«3i:2 

±20 

-(»db5 

-65i:12 

The  general  results  of  these  measurements  are  in  accordance ;  the 
variations  of  potential,  when  taken  as  a  whole,  regular  and  decided. 
They  show  that  as  hardness  increases  the  hydro-electric  position  of  steel 
moves  continually  in  an  electro-negative  direction.  The  electromotive 
forces  encountered  are  larger  for  the  electrolyte  distilled  water  than  for 
zinc  sulphate.  The  total  range  of  variation  in  the  former  case  (water) 
may  exceed  0.25  volt.  For  zinc  sulphate  it  scarcely  reaches  one-third 
of  this  amount  and  decreases  as  the  time  of  immersion  increases.  After 
the  first  immersion,  moreover,  the  original  electromotive  force  is  not 
fully  restored  even  by  rubbing  the  electrodes.^  When  steel  is  immersed 
in  water  the  effect  of  repeated  scouring  seemed  to  be  an  increase  of 
electromotive  force.  But  these  and  like  annoyances,  which  make  the 
study  of  polarization  phenomena  unsatisfactory,  are  too  well  known  to 
need  furtiier  comment  here. 

If  we  avail  ourselves  of  the  observations  made  above  on  the  rate  of 
solution  of  tempered  steel,  we  may  infer  consistently  with  all  the  facts 
adduced  that,  since  the  tempered  electrode  is  covered  with  hydrogen' 
at  a  greater  rate  than  the  hard  electrode,  the  former  must  be  positive 
with  respect  to  the  other;  that  the  phenomena  in  hand  are  mere  effects 
of  polarization.  In  other  words  it  is  permissible  to  assume  that  the 
continuous  variation  of  mechanical  texture  producible  by  annealing 
is  the  cause  of  corresponding  variations  of  the  rate  at  which  hydrogen 
is  deposited  on  the  submerged  metal;  that  the  electromotive  forces  ob- 
served are  expressions  of  this  hydrogen  polarization  and  bear  no  im- 
mediate relation  to  the  electro-chemical  character  of  the  steel  electrode. 

On  the  other  hand  the  dependence  of  the  hydro-electric  position  of  steel, 
ceteris  paribus,  on  the  amount  of  free  carbon  contained  is  sufQciently 
obvious  to  conflict  with  this  view.  To  facilitate  comparison  we  insert 
the  following  table.  Here  c  denotes  the  number  of  grammes  of  free  car- 
bon per  gramme  of  steel ;  e  and  &  show  the  difference  of  potential  between 
steel  tempered  and  steel  hard  when  plunged  in  zinc  sulphate  and  in 
water,  respectively;  J  is  the  density,  s  the  specific  resistance,  a  the 

'After  loDg'exposare  of  the  wires  to  air  the  original  electro  motive  force  again  ap- 
pears. 

*  Hydrogen  accnmiilatea  visibly  on  the  -{-  cl^ctroclo  when  both  are  immersed  in  zinc 
Bolphate. 
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riifilsCaiice  temperature  uoclUcii;ut,  A  tlio  tUcrmo-eloctriv  liftrdiie»»   of 
wires  of  the  Hame  kiud  uf  fitccl,     a  niid  h  are  ubtuiued  by  calcalatiou. 


ftooibiudat— 

« 

' 

Woo 

.»,, 

».w 

1.051T 

T.OMt 
T.MM 

T.oaoo 

T.TIW 

7.Tzra 

T.758e 

T.wna 

T.TMS 

43.  D 

as-s 

31.1 

i;.3 
n.e 

1(.S 

o.ooa 

0.DOJ7 

ftooae 
a.  0030 

0.0038 

o-oos: 

O.OOST 
0.0«9 

t&l 

113 
11,0 

7.S 

0.000 
O.CZO 

0.OIT 

0.080 

m.n*-.....- 

a.oo(u 

O.OO0 

' 

0.0007 
(I.OOM 

0.020 
0.033 
0.038 

oT::::::: 

2" 

r 

0.dOtD 
o-Don 

0.05T 

■■;■; 

0,l«t 
OlIH 

COfDBWMUl.. 

When  st«el  of  a  given  kind  is  operat«d  upon,  mid  total  carbon  tb«i«- 
fore  a  fixed  quantity,  the  variable  c  aflbrda  a  comparatively  cou\-eniei]t 
inen^iifi  for  detecting  tbe  presence  and  amount  of  chemical  change;  but 
it  is  highly  probable  that  a  nuich  clearer  in.sight  into  tlie  iiiiliin;  of  tlic 
decomposition  of  carbide  produced  by  annealing  hard  steel  would  be 
obtainable  from  a  study  of  the  character  and  quantity  of  the  hydro- 
carbons' (gaseous  liquid)  volatilized  during  solution.  They  accumulate 
in  copious  amounts  long  before  the  precipitation  of  carbon  is  percep- 
tible, or  even  when  no  appreciable  precipitation  occurs.  I  f  we  regard  e 
and  e  or  e'  correlated,  then  we  have  in  hand  an  example  of  an  exceed- 
iugly  remarkable  decomposition,  which  may  be  regarded  as  incipient  in 
hard  steel  even  at  ordinary  temperatures,  which  is  a  certaiuly  percep- 
tible occurrence  after  annealing  at  only  100°,  and  which  becomes  more 
aud  more  definitely  marked  and  distinct  as  the  temperature  and  time 
of  annealing  increase.  The  anomalous  character  of  this  species  of  dc- 
comiMJsition,  when  occurring  in  a  rigid  solid,  wobave  already  fully  pointed 
out.  To  obtain  further  information  it  is  essential  that  the  variable  e 
bo  investigated  minutely.  Wo  remark  that  the  critical  difference  l>e- 
tween  the  thermo-electric  (/()  and  the  hydro-electric  (e)  behavior  of  steel 
is  well  shown  by  constructing  A  as  afunctlonof  c*.  This  is  done  in  figure 
10  which  also  contains  c  in  its  relations  to  c'. 


illie  Bteol  <li»- 
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Fio.  10.  Diagram  iUastraiiog  the  relation  of  graphifcio  carbon  and  tbermo^ectric  hardneae  to  the 

hydro^leotric  position  of  steeL 


BETBOSPEGTIYE  BEMABKS. 

The  present  resalts  have  materially  snbstantiated  oar  earlier  views  at 
every  essential  point  We  may,  nevertheless,  further  point  out  the  pres- 
ence and  the  importance  of  the  strain  effect  by  the  following  simple 
considerations : 

The  mass  constants  of  the  three  types  of  cast  iron,  the  extreme  gray, 
the  intermediate  mottled,  and  the  extreme  white,  range  between  the. 
maximum  density  of  7.6  for  white  cast  iron  and  the  minimum  density  of 
6.9  for  gray  cast  iron.  Density,  therefore,  increases  in  marked  degree  in 
proportion  as  total  carbon  is  more  and  more  nearly  combined  (from 
^'gray*^  to  **  white").  Quite  the  reverse  of  this  is  true  for  steel,  where 
density  decidedly  decreases  as  total  carbon  is  more  and  more  nearly  com- 
bined (from  soft  to  hard).  This  discrepancy  is  the  temper  strain,  a  strain 
of  dilatation,  which,  in  Chapters  I  and  II,  we  carefully  compare  with  the 
analogous  behavior  of  glass.  It  is  to  1)e  remembered  that  the  given 
differences  of  density  apply  even  to  parts  of  the  same  cast  of  iron,^  when 
these  parts  are  respectively  cooled  rapidly  (white)  or  slowly  (gray). 

With  these  general  indications  of  the  occurrence  of  stress,  it  is  an  im- 
portant desideratum  to  obtain  some  estimate  of  its  value.  One  method 
premises  that  the  work  done  in  mechanically  expanding  steel  or  glass 
from  normal  density  to  quenched  density  is  equivalent  to  the  work  done 
by  heat  in  effecting  the  same  expansion.    Here  we  have 

J'p  dvz=zA  c  T 

where  in  one  case  unit  of  mass  is  acted  on  by  a  force  p  dynes  per  square 
centimeter  during  the  volume  increase  dv  cubic  centimeters ;  where,  in 
the  other  case,  an  identical  total  volume  increment  {J*dv)  is  produced 

1  Kanien:  Eisenhttttenkundei  Bd.  I,  3.  Aufl.,  p.  581  ff,  1841. 
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'  by  an  excess  of  temperature  T  degrees  centigrade,  applied  to  the  same 
I  uuit  of  mass  aud  of  mean  specific  heat  c.  A  is  Joule's  equivalent.  It', 
f  instead  of  variable  p,  wo  employ  a  mean  coust^ot  value,  P,  »ud  jtut  for 


'kh 


We  And 

A  =  42  X  10=,  e  =  0.2,  3a  =  25  X  10-«  ^M 

Leuce  we  obtain  ^H 

P=320  X  10=  ^ 

dynes  jHsr  square  centimeter,  or  circa  300,000  atmospheres.  This  is 
fin  absurdly  large  value  and  shows  that  in  case  of  thermal  expansion 
internal  work  is  done  which  is  not  registered  in  mere  volume  increase. 

We  obtain  very  plausible  stress  values  by  introducing  the  elastic 
properties  of  glass  or  steel,  probably  because  we  are  here  relatively 
fh;o  from  hypotheses.  The  compression  {negative  expansion)  produced 
;by  quenching  glass  or  steel  is  given  in  Tables  X  and  XI,  §  II,  and 
way  be  accepted  as  5  x  10"'.  The  volume  resilience  of  glass  and 
of  steel,  according  to  Trofessor  Everett's'  nieasnrements,  is  4  x  10" 
jand2  X  10",  respectively.  Hence,  if  the  force  resisted  in  prodaclug  the 
volume  increment  of  quenching  be  equivalent  to  the  force  producing  the 
identical  compression,  we  And  P=10  x  10'  dynes  jier  sriunre  centi- 
meter for  steel  and  P=2  x  10"  for  glass.  Now,  the,  tenacity  of  steel  is 
8  X  lO'  per  square  centimeter;  the  tenacity  of  glass,  0.6  x  10*  per 
square  centimeter.  The  ratio  pf  stress  to  tenacity  is  therefore  1,3  for 
steel  and  3.3  for  glass.  This  shows  that  in  both  cases  stress  and  tenacity 
are  of  the  same  order,  and  that  stress  is  in  excess,  and  but  for  the  pecu- 
liarly favorable  and  resisting  arched  structure  of  the  quenched  globule 
would  give  rise  to  rupture  —  in  glass  certainly,  very  probably  also  in  steel. 
These  results  are  estimates  and  are  in  accord  with  the  observed  explosive 
property  of  the  Prince  Eupert  drop,  and  with  the  less  pronounced  tend- 
ency of  steel  to  crack  on  quenching.  We  may  infer,  therefore,  that 
quenched  glass  and  quenched  steel  are  under  mean  stress  intensities  of 
several  thousand  atmospheres;  and  in  discussing  the  corresponding 
viscous  properties  of  these  substances  they  must  be  brought  into  rela- 
tion with  these  high  intensities  of  iieculiar  stress. 

We  call  attention,  in  concluding,  to  the  deductions  oi  our  earlier  paper: 
"The  annealing  of  steel,  considered  physically,  is  at  once  referable  to 
tbe  category  of  viscous  phenomena.  In  the  ordinary  cases  of  viscosity 
measurements  the  phenomenon  is  evoked  by  sudden  application  of 
stress  (torsion.  Ilexure,  tension,  volume  compression,  &c,)  nnder  condi- 
tions of  constant  viscosity;  in  the  case  of  annealing,  by  sudden  de- 

"  Everett :  I'liil.  Traoa.,  p.  yC9,  ISfiT.     The  above  are  round  unmben. 
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crease  of  viscosity  under  conditions  of  initially  constant  stress.  Ther- 
mal expansion  interferes  with  the  pnrity  of  these  phenomena  by 
destroying  the  conditions  of  existence  of  the  strain  which  accompanies 
hardness,  and  this  in  proportion  as  the  expansion  is  greater."^ 

Again,  irrespective  of  the  manifestation  of  mere  hardness:  ^^The  exist- 
ence of  the  characteristic  strain  in  glass  hard  steel  is  the  cause  of  elec- 
trical effects  so  enormous  that  such  additional  effects  which  any  change 
of  carburation  may  involve  may  be  disregarded,  and  all  electrical  and 
magnetic  results  interpreted  as  due  to  variations  in  the  intensity  of  the 
said  strain."' 

This  deduction  applies  of  course  to  the  first  phase  of  the  phenomena 
of  annealing,  since  it  is  within  these  limits  that  the  strain  in  question 
is  brought  to  vanish.  With  these  results  in  hand  we  may  proceed  jus- 
tifiably toward  a  study  of  the  question  whether  the  conditions  for  the 
permanent  retention  of  magnetism  in  an  iron  carburet  are  not  the  iden- 
tical conditions  for  the  permanent  retention  of  any  strain.  If  we  select 
the  temper  strain  for  comparison,  we  do  it  not  merely  because  long  ex- 
|ierience  has  familiarized  us  with  this  strain,  but  because  of  the  clear 
cut  beauty  of  its  manifestations  and  because  of  the  simplicity  of  the 
functions  which  describe  it. 

Washington,  September^  1886. 


'  BulL  14,  U.  S.  Gool.  Surv.,  p.  196. 
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The  six  samples  of  lampljlack  which  formed  the  subject  of  this  in- 
Testigatioii  wi;ru  liindly  furnished  by  Mr.  Suoiuel  Cabot,  muiiiifacturer 
of  lampblack,  iu  liOHton,  ah  Gamples  of  the  difiereut  gmdes  of  com- 
mercial lampblack  made  by  him.  With  the  six  samples  camo  the  fol- 
lo^viiig  specifications  with  regard  to  the  source  or  method  of  the  tuaou- 
facture  of  each : 

I.  Black  from  kerosene. 
n.  Black  from  coal  tar  oaphtha. 

III.  Black  from  iiatnral  gaa. 

IV.  Black  from  dead  oil.' 
V.  Black  from  dead  oil ;  very  hot.* 

VI.  Black  from  dead  oil;  very  light  and  fli 

In  order  to  get  more  oearty  the  pure  lampblack,  free,  from  oil,  &;o,,  la 
eaoh  case,  all  tlio  satHplen  were  washed  iu  beDzoI,  alcohol,  aud  boiliog 
water  aud  dried  at  180°  0. 

Tiie  following  table  will  show  the  effects  of  the  above  washings;  also, 
the  percentage  of  ash,  the  original  weight  of  the  substance  after  standing 
fifteen  hours  in  a  desiccator  being  100  per  cent. 


N 

mber 

of™,lo 

ISO' 

w..l,„l 

olcoh 

la-ddriod 

..«0= 

Wuhrd 

wal«r 

.tlcoo. 

..d 

iiv<1  lit 

WnHhcil 
lEl>i(«d 

1.0 

ben. 

l„,ldri. 

d. 

lBlf>C 

0.08 


II.       '      III.      j       IV. 

V.       1       VI. 

'                  1 

I           0..     1         0.«              0.0). 

0.2   1         ere 

wliere  amall  fuTD>c«' 


'  This  sample  is  from  tbn  b.ick  part  of  tlio  receiving 
ro  ns^^il,  nD(l  therefore  tlio  black  is  uot  liiglily  bcikte<l. 

'This  aatiiplo  is  from  Iioiini^h  whcro  the  fiimarea  are  ver;  large ;  tliorefore  the  black 
)  c]l|>osoi1  to  a  bigh  degree  of  boat.     It  gives  a  largo  yield  and  is  a  cbeap  tilacb. 

''This  sample  is  Gdo  black  from  near  the  furnaces  ii 
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The  portiou8  used  for  the  determinatious  were  washed  in  beuzol,  alco- 
holj  and  boiling  water,  dried  at  18(P  0.,  and  weighed  after  being  in  the 
balance  case  long  enough  to  have  a  constant  weight;  of  this  point  the 
I>articulars  will  be  given  later. 

The  specific  gravity  was  determined  by  the  pycnometer,  using  10  per 
cent,  alcohol  as  the  liquid.  The  specific  gravity  of  this  was  found  to 
be  0.9864  at  2(P.0O.  In  each  case  the  sample  was  weighed  dry  in  the 
pycnometer,  then  covered  with  10  per  cent,  alcohol  and  put  under 
the  receiver  of  an  air  pump  for  several  hours,  until  air  was  no  fonger 
given  off.  A  test  determination  demonstrated  that  this  did  not  appreci- 
ably alter  the  specific  gravity  of  the  liquid.  After  that  the  vessel  was* 
carefully  filled,  so  as  not  to  stir  up  the  carbon  settled  on  the  bottom,  the 
stopper  put  in,  and  the  whole  was  weighed;  then  the  stopper  was  re- 
moved and  a  small  delicate  thermometer  was  inserted  into  the  liquid 
and  the  temperature  noted.  The  pycnometer  was  then  again  closed, 
weighed,  &c.  Thus  there  were  obtained  three  readings  of  the  tempera- 
ture and  three  weighings,  the  mean  of  which  in  each  case  served  to 
calculate  the  specific  gravity. 

In  this  way  the  following  values  were  found: 


1.7231 

No.   L  <   1.7233 

1.7227 


1.723 


No.  IV. 


No.  v. 


1.7668 
1.7665 
1.7670 

1.7890 
1.7887 
1.7881 


1.767 


1.789 


No.  III.  i 


'  1.7513 
1. 7521 
1. 7521 


1.752 


No.  VI. 


764 


Too  much  reliance  must  not  be  placed  upon  these  values,  owing  to  the 
fact  that  the  lampblack  condenses  on  its  surface  a  large  amount  of  air, 
which  is  weighed  with  it  when  the  weighing  in  air  is  made,  but  is  absent 
when  it  is  covered  with  the  liquid.  An  idea  of  the  extent  to  which  this 
may  affect  the  determinations  may  be  obtained  from  tlie  following 
statement. 

A  sample  of  Ko.  II  was  taken  after  the  washings  and  dryings,  similar 
to  that  used  for  the  specific  gravity.  The  original  weight  is  called  100 
per  cent. 

Heated  2»»  to  180o,then24»»  in  H2SO4 desiccator a  98.8 

Heated  l*"  to  180<>,  then  2»»  in  HaS04  desiccator ...6  98.7 

5*>  in  balance  case c  100.55 

Heated  3»»  to  180°,  then  40«  in  H2SO4  desiccator d  98.76 

2  months  in  HiS04  desiccator e  99. 2 

Thus  it  appears  probable  the  dry  carbon^  free  from  air,  weighs  only  98.75 
per  cent,  (mean  of  a,  6,  d)  of  the  weight  as  it  comes  from  the  sample  tube 
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auil  as  used  above  for  tbe  »iiecific  gravity.  This,  if  it  is  geueral,  woald 
lower  the  above  values  of  tbe  specific  gravity  by  about  1.25  iter  cent.,  or 
0.022. 

All  attempt  was  also  made  to  obtaiu  some  idea  of  tbe  size  of  the 
grains  of  tbe  black  by  the  rate  of  eedimeutatioD,  ou  the  priuciple  that 
the  finer  tbe  particles  the  slower  tbe  sedimentation.  For  example,  ft 
single  particle  falls  throngh  a  liqaid  with  a  velocity  proportional  to  Hie 
square  of  its  diameter  (radios). 

For  this  purpose  0.1  gr.  of  each  sample  was  taken  from  that  used  for 
the  determination  of  tbe  specific  gravity  and  placed  in  test  tubes  about 
20""  by  120"""  dimensions.  Upon  each  was  poured  3'"  of  alcohol,  then 
ten  shot,  S"""  in  diameter,  were  put  iu  each  tube  to  help  break  up  the 
black.  After  vigorous  shaking  5'^''  of  water  was  added ;  then  the  tnbes 
were  heated  till  tbe  liquid  boiled,  placed  under  the  receiver  of  an  air 
pump,  and  the  pressure  was  reduced  till  they  boiled  there,  when  they 
were  left  18''  to  remove  any  air  which  might  be  condensed  on  the  sur- 
ftice  of  the  carbon.  The  tubes  were  then  filled  with  distilled  water  well 
shaken  and  stood  up  tosedimentate. 

After  standiug  for  the  time  given  in  tbe  ninth  column,  Table  I,  two- 
thirds  of  tbe  liquid  was  poured  into  another  tube  and  that  placed  aside. 
Tbe  original  tube  was  then  refilled  with  distilled  water,  well  shaken,  and 
stood  up  until  the  next  decantatiou,  and  so  on,  until  the  contents  of  the 
original  tube  would  settle  iu  a  day  or  less.  Thna  each  sample  was  sepa- 
rated into  a  series  of  lots  of  different  fineness.  The  time  required  by 
these  decanted  lots  to  settle  is  given  in  Table  II. 

Uiifortutjately  these  results  cannot  be  expressed  iu  a  very  clear  way, 
but  iu  general  the  following  is  true : 

Sample  1.  Settles  quite  completely  in  fifteen  minntes,  and  hence  Is 
coarse. 

Sample  II.  Settles  iu  one  day,  and  is  hence  much  finer  than  I  and  III, 
but  not  so  flue  sw  IV,  V,  or  VI. 

Sample  III.  Same  as  sample  I. 

Sample  IV.  A  little  finer  and  slower  than  No,  II, 

Sample  V  and  VI.  These  two  are  very  nearly  alike  and  are  both 
much  finer  than  any  of  tbe  rest.  Sample  VI  is,  however,  decidedly  the 
finer  of  the  two. 

Of  course  any  sample  may  behave  as  if  it  were  coarse  when  each  grain 
is,  in  fact,  an  agglomeration  of  several.  This  is  hardly  likely  iu  the 
the  above  samples,  since,  if  such  were  the  case,  we  would  be  apt  to  find 
some  fine  black  even  in  samples  I  and  III, 

I  am  fully  aware  of  tbe  incomplete  and  primitive  character  of  this  in- 
vestigation, and  sincerely  hope  it  may  incite  some  one  with  plenty  of 
time  and  energy  to  take  up  the  subject  thoroughly  and  either  confirm  or 
refute  my  conclusions. 
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Table  I. 


Number 

of  decanta* 

tion. 

1 

2 

8 

4 

5 

6 

7 


Time  of  decan* 
tation. 


May   28,    1888, 
11.45  a.m. 

12.2  p.  m 

2 

3.25 


3.56 

May  29,  1886, 11 

a.m. 
12.30  p.m 


Sample  I. 


Sample  II. 


Sample  III. 


Clear  after  15  m. 


Diacontinned 


Opaque 


...do 

TransluceDt 
....do 


....do 

Very  translu- 
cent. 
PiBContinuod . . 


Clear  after  15  m. 


Discontinued . . . 


Sample  IV. 


Opaque. 

Do. 
Da 
Dimly   translu- 
cent. 
Da 
Medium  trans- 
lucent. 
Medium  translu- 
oent;  settles 
now  in  a  few 
hours. 


ofd'^SSSLiTii-e^fdeean. 


Sample  V. 


Sample  VI. 


Interval  between 
deoantations  or 
shaking. 


2 
8 

4 
5 

6 


May    28,    1886, 
11.45  a.  m. 

12.2p.m , 

2 

3.25 

ass 

May  29,  1886, 11 

a.m. 
12. 30  p.  m 


Opaque 


.do 

.do 

do 

.do 


Opaque 


.do 

.do 

.do 

do 


Very  weakly  trans-  j do 

lucent.  ' 

Very  weakly  trans-  Opaque;  settles 
lucent;  settles  now  i  now  in  a  day 
in  a  few  hours.  or  so. 


1  h.  SSm.. 


17  m 

1  h.  58  m. 
1  h.  25  ni 

30  m 

1  h.  30  m. 

1  h.  30  m . 


Total  time 

since  com- 

moncod. 


1  h.  55  m. 

2  h.  12  m. 

4  h.  10  m. 

5  U.  35  m. 

6  h.  5  ro. 

7  h.  35  m. 

9  b.  5  m. 


Table  II. 


Dtcantation. 

Sample  L 

Sample  II. 

Sample  III. 

Sample  IV. 

Less  than  5 

days. 
....do 

Sample  V. 

Sample  VI. 

1 

Leas  thanl 
hour. 

Less  than  1 

hour. 
....do  ....... 

Less  than  1 
hour. 

Notin20da3^s. 

Translucent 

in  5  days. 
....do 

Not   in   30 

2 

days. 
Do. 

8 

....do  ....... 

....do 

Translucent 

4 

1  day 

Less  than  1 

hour. 
....  do  ....... 

Clear  in  5 days. 

Clear  in  Iday. 

....do 

in  20  days. 
Translucent 

5 

in  5  days. 
Do. 

6 

Do. 

7 

.. ..do  ....... 

. . ..do  ......... 

Translucent 

in  1  day. 
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[SpeduHmB  o 


Hted  by  J.  8.  Qlllir  uxl  fluilyiwl  hy  T.  U.  CbBtsnl.  | 


A.  Peridot!  te. 

B.  Olivioe  from  peridotiU'. 

C.  Pyrope  from  peridolite. 

D.  Ilmenite  from  peridotite. 

E.  Syenite  inclusion. 

F.  Slaty  iiiclasiou. 

G.  OalcareouB  sandstone  near  peridotite  dike. 
H.  Indurated  shale  near  peridotite  dike. 

I.  Fine  grained,  Sssite  eaudstoue  near  dike. 


110= 

redb 

14     1 

.17 

41.32 
.16 

None 

.91 

21.21 

4.21 

7.93 
.34 

4.94 
19.32 

\  ■<" 

100,58 

H,Oa 

at 

6.<i6 

211.  ai 

'2. '20 

W  s 

.20 

Sia.- 
TiO,. 

40 

2 

7 

Tr 

05 
07 
04 
2* 

:w 

30 
14 

20 

.76 
49.32 

Cr,0, 

.41! 

.74 

FeO.. 
MnO. 
CoO.. 

4.a5 

23 

.0.-. 

7.G9 

33.41 

27.81 
.20 

CaO.. 
MgO 

41) 

10 
C8 
21 

OS 

ace 

Vb»0. 

11 

28 

100.% 

!<y 

4i 

100.10 

'DL 

icusseU  by  J.  S.  Diller  in  Am.  Joi. 

-Sc 

,  Aligns 

,1980. 
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E. 


y. 


G. 


H. 


I. 


HiOsktlKP i 

HaOatredheat > 

COa 

SiOa 

TiO. 

P«05 ..... 

CraOs 

AlaO, 

FeaOa 

FeO 

MnO 

CaO 

MgO 

K«0 

NaaO 


.51     \ 

1.40 

.85 

1.94 

9.00 

2.32 

8.78 

5.17 

.88 

6.29 

.55 

60.56 

35.53 

60.78 

41.32 

60.25 

1.19 

.95 

.03 

.48 

.23 

.30 

.08 

.09 

.08 
Trace 

.10 

16.19 

ie.23 

10.54 

20.71 

20.18 

5.19 

2.46 

3.27 

2.59 

1.53 

2.41 

4.81 

5.46 

3.42 

.36 

.13 

.10 

.17 

.10 

2.09 

21.17 

10.15 

9.91 

.51 

L30 

2.01 

1.59 

1.91 

3.52 

4.82 

1.08 

2.36 

.88 

3.17 

4.78 

2.53 

1.41 

7.19 

.39 

99.70 


100.26 


99.78 


100.03 


100.51 


TRENTON  LIMESTONE  FBOM  LEXINGTON,  VA. 
[Collected  by  H.  D.  Campbell.  Analyses  by  R.  B.  Biggs.] 

A,  Limestone. 

B.  Besidnal  deposit  firom  subagrial  decay  of  limestone. 

A.  B. 

Ifpiition 1.08  12.98 

COa 42.72        

SiOa 44  43.07 

AlaOa 25.07 

FeaO, 42  15.16 

CaO 54.77  .63 

MgO Trace  .03 

K«0 2.50 

Na,0 1.20 

99. 43        100. 64 


RESIDUAL  DEPOSIT  FBOM   SUBAGRIAL    DECAY  OF  CHLOBITIC  SCHIST 

FBOM  EIGHT  MILES  WEST  OF  CABY,  N.   C. 

[Collected  by  L  C.  Bnssell.    Analysis  by  R.  B.  Biggs.] 

SiOi..^ : 54.54 

AljOa 26.43 

FeaOs 9.04 

Ignition 9.87 

99.88 
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fELLOWISn    BBOWjS,   KAOLIMIZBD,   DKCOMPOSliD    TltAP    FROM 

FtiOB 

MILES  WEST   OP    SAISFOBD,  N.  C. 

ICallMtrd  lij  I.  C.  Kussi'll,    Au»lj»i«  by  T.  U.  ChuUird,] 

SiO, 39.55 

100.07 

ALTERED    FELDSPAR   FROM    LAI'lEEL   riEEEK,    0\. 

•,Ai,*ljBi.lrT.M.Clii.UrJ,l 

ri 

CaO :!.  17 

MkO.. 


NujO 2.  IC 

lUO.  f)^ 
FERRUGINOUS  ROCK  FROM  I'EXOKKE   IRON   RANGE,'   WISCONSIN, 
[CoUect.U  l.y  E,  D.  Irvini;,     Aiulysia  by  R  B.  m-^-^.] 


AI.O, 

4.a7 

100.41 

LI  NE.  i  «f  Sec.  (■>,  T.  45,  K.  y  K, 
(138) 
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TWO     ROCKS     FROM    KAKABIKKA     FALLS,    KAMINISTIQUIA    BIVEB, 

ONTARIO,  CANADA. 

[Collected  by  R  D.  Irying.    Analyses  by  R  B.  Biggs.  ] 

A.  Black  slate,  Animikie  formatiou. 

B.  Material  interstratified  with  the  foregoiug. 

A;  B. 

SiOa 37.73  54.26 

AlaOa 3.41  2.57 

FeaOa 6.42  3.62 

FeO 22.92  19.63 

MnO 40  .19 

CaO 1.26  L07 

MgO 3.98  2.93 

CO2 18.01  14.93 

HaO 2.74  L20 

C 3.54  .45 

100. 41  100. 85 

HICA  ANDESITE  FROM  A  CAl^ON  ON   THE  EAST   SIDE    OF  SAN  MATEO 

MOUNTAIN,  NEW  MEXICO. 

[Collected  by  Capt  C.  £.  Dutton.    Analysis  by  T.  M.  Chatard. ] 

Ignition .' ,14 

SiOa 65.78 

TiOi 27 

PsOft 13 

AlaOa 17.32 

FejOa 3.68 

FeO 46 

MnO 32 

CaO L66 

MpO 47 

KaO :....        4.64 

NaaO 5.23 

100.10 


HTPERSTHENE  ANDESITE  FROM  SAN  FRANCISCO  MOUNTAINS,  ARI- 
ZONA. 

[Collected  by  Capt  C.  £.  Datton.    Analysis  by  T.  M.  Chatard.  J 

Ignition .20 

SiO, 64.82 

TiOj 56 

PaOs 23 

AliOa 18.27 

FesOa 3.48 

FeO 56 

MnO 20 

CaO 2.89 

MgO 85 

Na»0 5.05 

KaO 2.67 


138 

YELLOWISH 


A' 

f  ■ 

I 
I 

i 
I 


/ 
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Alkalies  undetermiDed.    The  color  of  the  baff  stone  is  dae  largely  to 
organic  or  carbonaceous  matter. 

TELLOW  SANDSTONE*  FBOM  THE  ABMEJO  QUARRY,  COLORADO. 

[▲uayaM  by  T.  M.  Chatard.] 

A.  Analysis  (partial)  by  treatment  with  strong  hydrochloric  acid. 

B.  Analysis  by  fusion  with  carbonate  of  soda. 


A. 

Insolable  in  HCl 95. 54 

Solable : 

Fe^OaAlaOa 2.36 

CaO 17 

MgO 34 

HaO 1.19 


99.60 


B. 

H2O 1.19 

SiOa 81.27 

AlgOa 9.81 

FesOa L44 

CaO 44 

MgO 42 

Undet 5.43 


100.00 


The  undetermined  portion  under  £  was  probably  all  alkalies. 

EIGHT  SAMPLES  OP  VOLCANIC  DUST. 
[Series  A.  From  GAllatin  Valley, Mont.    Collected  by  A.  C.  Peide.    Analysee  by  F.  W.  Clarke.] 

[L  Dry  Creek  Valley,  above  month  of  Pass  Creek.    2  and  3.  From  near  Bozeman.    4.  From  near  Fort 

Ellis.] 

1. 

HaO 6.45 

SiOa 46.09 

AUOa,  FeaOa 14.35 

CaO 1.61 

CaCOa 28. 7B 

MgO 1.29 

KaO 

Na,0 ... 


[  '■"{ 


2. 

8. 

4. 

11.47 

6.34 

11.96 

61.82 

71.01 

60.98 

19.66 

15.17 

21.69 

1.78 

1.19 

L83 

.51 

.34 

•  •  •  • 

1.33 

1.31 

2.97 

L23 

2.38 

2.77 

.80 

99.98 


99.13 


99.79 


99.82 


[Series  B.  Material  furnished  by  G.  P.  Merrill.    Analyses  by  J.  Edward  Whitfield.  J 

[L  From  Marsh  Creek  Valley,  Idaho.    2.  From  Little  Sage  Creek,  Montana.    3.  From  Devil's  Path- 
way, Montana.] 


1. 

HaO  lost  at  1050 1.60 

Ignition 6. 00 

SiOa 68.92 

Ala03,Fe803 16.22 

CaO 1.62 

MgO Trace 

K«0 4.00 

NajO 1.56 


2. 


99.92 


100. 74 


^  In  ose  as  a  building  stone. 
(141) 


3. 


1.12 

3.46 

6.50 

5.60 

6.'>.56 

65.76 

J8.24 

17.18 

2.58 

2.30 

.72 

Trace 

3.94 

3.14 

2.08 

2.32 

99.66 


WAsiiiNaros  labohatorv. 


[Ul 


j.-«. 


F.W.(Jl«k«-l 

Ii!L.iti"ii *-5f 

SiO, 73.67 

Al,0,Fe,0, 11.33 

CftO .97 

MgO Trace 

AlkuIiOB  Undet. 

L0KS3  AND   CLAYS. 

li..l  l.y  I'ruf.  T.  C.  CbamWtUii.     An«l>-«.  by  R.  B.  Slxfii.    ittU:rM  M,:a  M  IMIU,] 
|A.  TyplcKlloeu,  Knatat  C[ly.  Uu.) 

SiO; J4.4l> 

Al,0. IfcSfi 

PM 09 

TiO, II 

FcO, 3.85 

PoO 12 

Mao IB 

CaO Lisa 

MfiO LIS 

K,0 1,83 

NfcO 1.43 

H|0  (iuolndoB  H  oT  organic  mattoT) 2.70 

CO, 49 

C.  <<irgiinio) 13 


99.H:i 


iiilUltrtfeliiliavt'llu'Mixr 


nrlhn- 


of  Ihibuque,  Iowa.) 


SiO, 

Al;Oi 

TiO) 

PjO, :. 

IVjOj 

FtO 

MiiO 

CaO 

MgO 

K..0 

Xa.,0 

H:0(iiicli»le3H«foriti 

CO. 

C (organic)  .,.; 


2:l 


ic. 
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from  •QTen  foot  stratam  over  brown  residuary  clay,  350  foot  above  MisaiMippi  River,  near 

Galena.  111.] 
SiOi 64.61 

AlaO, 10.64 

PgOs- 06 

TiOs 40 

FeaO, 2.61 

FeO 51 

MnO 05 

CaO 5.41 

MgO 3.69 

KaO 2.06 

NaaO 1.35 

HsO  (includes  H  of  organic  matter) 2. 05 

COa 6.31 

C  (organic) .13 

8O3 11 

CI 07 

100.06 
[D.  I.<oeM8  froni  cent^jr  of  the  city,  Vicksburg,  Miss.] 
SIO, ; 00.69 

Al.Oa 7.95 

PiOft 13 

TiOi .52 

FeaOa 2.61 

FeO 67 

MnO...... 12 

CaO 8.96 

MgO ^ 4.56 

KiO 1.08 

NajO 1.17 

H.jO  (includes  H  of  organic  matter) 1.14 

CO2 9.63 

C  (organic) .19 

SOa 1 12 

CI 08 

99.62 
[E.  Red,  patty-liko  clay  with  pebbles,  Milwankee,  Wis.] 

SiOi 40.22 

AlaOa 8.47 

PiOs 05 

TiOi 35 

FOiOa 2.83 

FoO 48 

MnO Trace 

CaO 15.65 

MgO 7.80 

KjO w 2.36 

Na«0 84 

H.iO'(includc8  II  of  organic  matter) 1. 95 

CO2 18,76 

C  (organic) .32 

SOa 13 

CI .06 

100.27 
(143) 


.44  WASniN'GTON    LAliORATOKY.  invu-O, 

r 

810. 48.81 

A1,0 7.5* 

P,o. t:j 

TiO, 45 

FotO, a.  63 

FeO &, 

UnO 03 

C»0 11.63 

KgO 7.  OS 

K.0 si.eo 

NaaO .98 

H,0(iiiclQdM  U  of  Drga&ic  matter) S.  09 

COy 16.47 

C  (orgADio) se 

80, 05 

CI ■ 04 

IDO.BO 
laoN   OEES  PROM  LOUISIANA. 
[  Ana] jBEii  bj  R.  B.  Riggt.  | 
|&.  BrowDheiratilsfnnD'BiHalerriidsb.nno-biiirinlle  u-ettof  Bellgvnfl.I 

Ignition 11.00 

810, 27.85 

Fe 39.65 

8 03 

Mn 126 

P 226 

(B.    Brown  bematile  from  Hr.  WLiUawu,  four  mil**  went  of  Croonwood,  Caddo  r»riaU.] 

leiiition 10. 2C 

SiOi fi.37 

Ft* .W.a-J 

S 10 

Mn OT'J 

P Tr.ico 

(C,    Brown  hetnUite  from  Sirnmons-n  brd,  PigLit  itiilvs  aoiilb  «f  lluiimr,  Claiborno  rtruh.] 

Ig"iti.>ll IO.K[ 

SiO; ^1.77 

Fu 43.17 

S 2G 

Mq (U 

P :IV2 

(l>.    Brown  ImmfttilB  frritg  Motrlnnd's,  nine  niili'»  noutboast  of  Humir,  CUiibome  Parish-l 

I);uitioii 10. 6-2 

SiO, 10.9T 

Fu 52.  IM 

S 03 

Mu 026 

P 064 

(144) 


MISCELLANEOUS   ANALYSES. 
[£.  Brown  hemaiite  from  500  lect  east  of  Vienna  wire  road,  Lincoln  Parish.  ] 

Ignition 9.05 

SiOa : 23.20 

Fe 44.54 

S 09 

Mn :        .006 

P 859 

IF.  Brown  hematite  firom  Lincoln  Beed*s  place,  nine  miles  northwest  of  Vienna.] 

Ignition 9.50 

SiOa 28.12 

Fe 39.26 

S 03 

Mn 049 

P 447 

[G.  Brown  hematite  from  Webster,  foar  miles  northwest  of  Shangaloo.] 

Ignition 11.25 

SiOi ; 18.72 

Fo ^ 45.72 

S 17 

Mn 007 

P 247 

[H.  Brown  hematite  from  (Tnion  Parish,  one  and  a  half  miles  north  of  Downsyille.] 

Ignition 11. 04 

SiOa 2L70 

Fe 43.76 

8 03 

Mn 005 

P 835 

[L  Brown  hematite  from  Moroland's,  ten  miles  soathwost  of  Arcadia,  Bienyille  Parish.] 

Ignition 18.22 

SiOa 39.95 

Fe 22.22 

S 17 

Mn 157 

P 072 

[J.  Limestone  firom  Raybom's  Salt  Lick,  Bienville  Parish.] 

SiOa 55 

FeaOsAlaOs i L61 

PaOe 048 

MnO Trace 

CaO 54.09 

MgO 06 

CO, 44.12 

SOs 05 

100.528 

Bull.  42 ^10  (145) 
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WASHINGTON  LABOEATOay. 
'  NATUBAL,  COKE"  PEOM  flUDLOTHIAN,  VA. 

ICoUeolwI  l)j  I.  C.  KDueU.    Aniilr«i«  by  H.  B.  Kiggi.) 

Water l.Cfi 

VolatUa  matter le.36 

Fixed  Cftrboa 07.13 

Ash ia.aG 

100. 0() 
Sulphur 4.70 


I 


Water  in  coal  dried  forty-eight  Lours  over  aulpharic  acid,  0.11  per 
cent.  Water  taken  up  in  forty-eigbt  liours'  exposure  over  water,  3.90 
per  cent. 

COAL   FROM   JEFFERSON   COUNTY,   WEST    VIRGINIA. 
IBtd  kbont  ttUeo  miluB  »>sl  of  Berkeley  Spilos^    Aualiiii  by  J.  Edwiwd  Wbitflnii 


Moisture 

Volatile  matt 
n«ed  oarboD 


Sulphur JSa 

Ko  coke ;  aab,  pink  and  sandy. 

THREE   COALS   FROM   GULF,   NORTH   CAROLINA. 

ICollecled  by  I.  C.  Ruiavll.    Aoalyses  by  F.  W.  Clocke.    Specific  sravily  ileterniinatl 


'""" 

bBlancobyE,  L.  Hu«-ard,| 

Upper  iByor,         Middlo  layer. 
.       24.48                   24.22 
.       72.44                   07.86 
XOB                     7.92 

100.00                 100.00 
.'M                     1.4a 
1.29G                 i.tm 

Ash 

9,69 
100.00 

Specific  gravity 

1.3iG 

Coke,  good  ;  asb,  gray.     TLe  coala  gain  weight  on  drying  at  115°. 

COAL  FROM  WALNUT  COVE,  STOKES  COUNTY,  NORTH   CAROLINA. 
|Ana]y«iabyJ,  Edward  Wht I flelii.] 

Water 38 

Volatile  matter 17.99 

Fixed  carlioii 55.47 

Asb 26.10 

100. uo 
Sulphur 5.56 

Ko  coke.     Kesidiio  Randy. 


MISCELLANEOUS   ANALYSES. 

"  NATURAL  COKE "  FBOM  PUBGATOEY  CAJJON,  NEW  MEXICO. 

fAnalyiis  by  R.  B.  Riggt.] 

Volatile  matter 16.87 

Fixed  carbon 74.18 

Atth 8.95 

100.00 
Specific  gravity 1.43 
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TWO  SPBINaS,  ONE  MILE  FBOM   FABMWELL  STATION,  LOUDOUN 

COUNTY,  VIBGINIA. 

« 

I  AiuJysM  by  B.  B.  Riggs.    Stated  in  gramniea'per  liter.  ] 

A. 


Found. 

SO4 1.2865 

CI :....     .0095 

CO3 1590 

SiOa 0210 

AltOa 0070 

Ca 5235 

Mg 0150 

K 0035 

Na 0805 


Per  cent,  of 
total  solids. 

Gl.lO 

.45 

7.55 

1.00 

.33 

24.87 

.71 

.17 

3.92 


UypoUietical  combination. 

KCl .0067 

NaCl 0104 

NagSO* 2355 

MgS04 0750 

Ca804 1.5052 

CaHa(C03)j 1100 

CaCOs 1319 

AlaOj 0070 

SiOs 0210 


2.1055 


100.00 


2.1027 


B. 


SO4 1.4050 

CI 0175 

COj 1730 

SiO, OHO 

AijOs... oioa 

Ca 5610 

Mg 0195 

K 0030 

Na 0920 

2.2925 


6L28 

.76 

7.55 

.48 

.46 

24.47 
.85 
.13 

4.01 


99.99 
(147) 


liLUl •.•---- .--  ....      . Uuotf 

NaCl 0244 

Na9S04 2543 

MgS04 0975 

CaS04 1.6363 

CaHaCCOa)^ 1438 

CaCOa 1107 

AI2O3 0105 

SiOa 0110 

2. 2942 


WASIIINGTOX    LAUORATORV.       ^^^^^^^H 

TWO   AETESIAN   WELLS,  STOBT  CITT,  STOBY  COtJHTY,  IOWA. 

lAadysFi  liy  F.  W.  Clurke.  witb  oBTboalc  uld  <lotonnlii«Uoii>  l-y  a  B.  Riss^j 
I  A..  TTatfrftom  artcaiiin  wril  uf  Tbarkill  Henrygon.    Total  aoMds.  D^fiSO  tinunne  to  UUcI  J 


SiO, Truce  

Fe^Als.O. 01.%^  3.73 

CI 0010  ,27 

SO. None   

Cft 0764        21.10 

Mg 0334  8.95 

Ma Oler  5.17 

COt,  total 2(J8UCO»60.50 

99.78 


Tlie  COj  required  in  the  Becoud  ami  tliird  columus  is  O.lfJOT  grauime, 
leavlDg  0.1083  gramuiG  for  bicarbouates.  The  water  contained  Hakes  of 
ferric  hydroxide. 


IB.  Wster  from  iirto 
SIO, 

luiwellofChiir 

FdUDd, 

035(1 

«>  WatklDfc 

Fm  PMil,  or 
loWl  wild*. 

G.31 

I. -28 

16.90 
7.5fi 
1(1.  (i4 

0,58.  la 

w.ei 

TuUl  iki11>1k,  0.tTia  KniD>ii>«  to  bun 
Hypothetic.!  wmliiosttoii. 

Si  0, oaso 

c» 

«g 

0796 

035fi 

Ca  CO,  . 
Mg  CO.. 

Nn,  CO, 

{■MM   rt 
xolids 

1990 

1246 

K 

CI 

COj,  totnl  ... 

Traco  C 

Tnico 

3020 

.4701 
T  oetit.  of  total 
iccimiKeil  for.) 

I 


The  COj  required  in  the  second  and  third  eohiinns  i.s  .liOOS  gramuic, 
leaving  .1912  gramme  for  bicarbonates.  The  water  contained  much  sedi- 
ment.   Neither  water  contained  any  sulpliates. 

beck's  hot  SPKING8,  NKAlt   HALT  LAKE   CITV,   UTAH, 
[anolj-sla  bj  K.  B.  RisKB.    5(nt..il  in  Kranitlics  piT  lilor.l 

rer  CTnt.  of 

Fonnd.  tutil  wlide.  n.v[H>ILr;(lcal  cnnibiuallon. 

80. 8105  O.CS        KCl 3761 

CI   6.74:18  SJ-.^O        ^■.^t■l 0.  r>5«i 

COj 2045  1.C3        -MgCI; 4:13-1 

SiO, 0111.'.  .25        CaCh (i;t57 

AljO, 001)0  .07        CaSO,  - 1,  l',K)7 

Ca Clli!  5.52        CnCOj ■      .1262 

Mk 1095  .a-.        CallXCOj); irJU 

K ^0r,9  1.57        A1:0, 0090 

Na 3.7549  29.64        SiOj 0315 

Li Trace  

B;Oi Truce  12. 5S71 

12.ri810  100.00 
(148) 
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WATER  OF  MONO  LAKE,   CALIFORNIA. 

[  AnalyBis  by  T.  M.  Cbatard.     Compare  old  aniUysis  in  Balle^  9,  p.  26.     Stated  in  f^ammes  per  liter. 
•  Specific  gravity,  1.0456,  17.05.1 


Per  cent  of 
Fonnd.     totid  nolids. 


Na 19.6853 

K 9614 

Ca 0200 

Mg 0551 

AlaOsjFeaOa 0030 

SiOa 0700 

SO4 6.6720 

CI 12.1036 

B4OT 1600 

COi 10.0396 

OforCOa 3.2341 

H2O  in  bicarbonates. ..      .  4683 


36.790 
1.795 
.037 
.103 
.005 
.130 

12. 470 

22.630 
.300 

18.770 

6.090 

.880 


Hypotbetical  oombinatioti. 

KCl L8342 

NaCl 18.5068 

NajSO* 9.8690 

NaaCOs 38.6720 

NaHCOa. 3.9015 

NajB407 2000 

CaH2(C03)i 0810 

MgHa(C03)!i 3349 

Al,03,Fe203 0030 

SiOj 1 0700 


53. 4724 


53.  4724  100. 000 

The  boric  acid  is  cited  from  the  old  analj'sis,  as  the  material  was  in- 
sufficient  for  a  new  determiation. 


(149) 
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[Bnllotin  No.  43.] 

The  pnblications  of  the  Uoitod  Statoa  (loolo/^ical  Survey  aro  iMKiieil  in  acconlance  with  the  atatute 
Approred  ICaroh  3, 1870,  which  dechirea  that— 

"  The  publications  of  the  Geological  Survey  shall  conRlst  of  tlio  annual  report  of  operations,  geological 
and  eoonomio  maps  illostrating  the  rcsourco8  and  claasiflcation  of  the  lands,  and  reports  upon  general 
and  eoonomio  geology  and  palooutology.  The  annual  report  of  operations  of  the  Geological  Survey 
■hall  aoeompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  but  other- 
wise in  ordinary  octavos.  Three  thousand  copies  of  each  shall  be  published  for  scientific  exchanges 
and  for  sale  at  the  price  of  publication ;  audall  literary  and  cartographic  materials  received  in  exchange 
shall  be  the  property  of  the  United  States  and  form  a  part  of  the  library'  of  the  organization:  And  the 
moliey  resulting  fhmi  the  sale  of  such  publications  shall  be  covered  into  the  Treasury  of  the  United 
States.*' 

On  July  7, 1882,  the  following  Joint  n-nolution,  referring  to  all  Government  publlcatiouM,  was  pasm*<l 
by  Congress: 

'*  That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be  printed, 
la  addition  to  the  number  in  each  case  stated,  the  'usual  number*  (1,000)  of  copies  for  binding  and 
diatofbutkm  among  those  entitled  to  receive  them." 

Exoept  in  those  coses  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
by  special  resolution  of  Congress  or  has  been  ordered  by  the  Secretary'  of  the  Interior,  this  Office  has 
DO  eopiea  for  gratuitous  distribution. 

ANNUAL  KKPORTS. 

Of  the  Annual  Reports  there  have  been  already  published : 

I.  First  Annual  Report  to  the  lion.  Carl  Schurz,  by  Clarence  Ein>;.  \fn*0.  a  '.  7U  pp.  1  map.— A 
prdiminary  report  desoribing  plan  of  organization  and  publicatiouH. 

n.  Seoond  Annual  Report df  the  United  States  Geological  Survey,  1880-'Kl,  by  J.  \V.  Powell.  1882. 
8^.    It,  688  pp.    6tpl.    1  map. 

HL  Third  Annual  Report  of  the  rnite<l  States  (Geological  Survey.  1881-'R2,  by  J.  W.  Powell.  1883. 
8^.    XTlii,  504  pp.    67  pi.  and  maps. 

IT.  Fourth  Annual  Report  of  the  United  Staten  Geological  Survey,  1882-'83,  by  J.  W.  Powell.  1884. 
8^.    xxxii,  473  pp.    85  pi.  and  maps. 

T.  Fifth  Annual  Report  of  the  United  States  Geological  Survey.  1883-'84,  by  J.  W.  Powell.  1885. 
8P.    xxxTi,  460  pp.    58  pi.  and  maps. 

TL  Sixth  Annual  Report  of  the  United  SUtes  Geological  Survey,  1884-'8ri,  by  J.  \V,  Powell.  1886, 
BP,    xxix,  570  pp.    65  pi.  and  maps. 

The  Seventh  and  Eighth  Annual  Reports  are  in  presH. 

MONOGRAPHS. 

Of  the  Monographs,  Nos.  II.  HI,  IV,  V,  VI,  VII,  VIII.  IX,  X,  XI.  and  XII  are  now  published,  viz: 

II.  Tertiary  History*  of  the  Grand  Canon  District,  with  atlas,  by  Clarence  E.  Dutton,  Capt  U.  S.  A. 
188S.    40.    xtv.  364  pp.    43  pi.  and  atlss  of  24  sheets  folio.    Price  $10.12. 

lU.  Geology  of  the  Comstock  Lode  and  the  Washoe  District,  with  atliM.  by  (ieorge  F.  Becker, 
Utt.    40.    XV,  422  pp.    7  pi.  and  athis  of  21  sheets  folio.    Price  $11. 

IT.  Comstock  Mining  and  Miners,  by  Eliot  Lord.    18&3.    4^    xiv,  451  pp.    3  ]il.    Price  $1.50. 

V.  Copper-Bearing  Rocks  of  Lake  Superior,  by  Roland  D.  Irving.  1883.  4".  xvi,  464  pp.  15 1. 
»pL    Price  $1.85. 

YL  Contributlonato  the  Knowledge  of  the  Older  Mosozoic  Flora  of  Virginia,  by  Wni.  M.  Fontaine. 
UBL    40.    xl,  144  pp.    541.    54  pi.    Price  $1.0.' 

▼n.  Silrei^Lead  Deposits  of  Eureka,  Nevatla.  by  Joseph  S.  Curtis.  1884.  4"".  xiii,  200  pp.  16  pi. 
Prio6$1.20. 

Yin.  Paleontology  of  the  Eureka  District,  by  Charles  I).  Walcott.  1884.  i<^.  xiii,  29K  pp.  24  1. 
MpL    Price  $1.10. 


AUVEKTI8EMENT. 

IS,  Sraoblnpodauid  LamfUitX'Uioh.tAUoC  tho  KarlunCUymuiilBrMOModHwUef  Hh 

fcjMobertr.  WlkltllBliL  luas.    1^.    ii.SMpp.    35pl.    PriootM.I. 

X.  DlDOwralA.  AMoooKTIiphaf  lui  BsiUDDtOTderof  GlKBBtia  Uunmnla. b)' Othnlnl  Charln  Hanh , 
IMS.    i".    ivlii,  aiSpp.    Ml.    Mpl.    Prto6tt."0. 

XI.  Oeologloal  Hisiorj  at  Lako  Labontan,  a  QoBlenuirx  Lake  of  Korttiwaslstu  IfcTidK  liy  luul 
CoQk  KiuBclI.    1883,    *".    lii,  IMSpp.    «pl.    PrtooH.IB, 

Xlt  GoolDgf  ud  UlniDf-  InditBtry  nf  LoodTllle.  with  alUii,  by  ».  F.  Snnnims,    ins.    «'.    nit, 
nil  pp.    4Spl.aiicl»lJ»»i>faS.b«MfoUo.    PrIoB  *g.4l). 
Tbfl  following  Ifl  la  prosa : 

Xtll,  Qeolocj  of  lbs  Qalckallrir  DfpMlts  <>f  thu  Piwlflu  Hlnp>i,  wilb  Mliw.  by  aoorRc  F.  BKkar.u_ 
Tb#  following  ar«  In  preparation : 
I.  ThePrMiouiMolali.byCUrcarfKlai!. 

—  Gutunipoda  oCibo  Ksw  Jirary  CreUceons  mid  Eocfiir  Mu-1*.  by  K.  P.  Wliill 

—  UeoloEy  of  tbe  Eureka  Ulnin;  Diitrlol,  Noviula,  wilb  iitlkii,  by  Aninlil  tlts'i 
~  L«ko  BonnisrfllB,  by  O.  K.  GllbrrL 

—  Siuropodikky  Prof.  aC.Ua»li. 
'    —  SloBWl3DrIl^  by  Prof,  O.  C.  lf«r«h. 

—  RnnrtufhcTldic,  by  Prof  O.  C.  Uanli. 

—  The  PonokeftOogeblo  IronBejirlngSerloorSotlli  WlM»n«ln  and  MlclilKUi.  Iiy  RsUnd  D.  Ii 

—  YuungDr  UoMMDlc  Flora  of  Virginia,  by  William  M.  FouUlD". 

—  UcKriplloB  of  New  FoMll  PlaoU  from  th"  Daltota  Gronp,  by  I*»  I*»i|iionrai. 

—  Ri-port  on  IbD  Donvor  Coil  Biain,  by  S.  F.Emnions. 
'    —  Report  na  8firor  ClilT  and  Thp-HUs  Mining  Diitilct,  Colorodo,  by  K.  K.  Emmon 
'    — Flora  nf  tbe  DnkntaGcunp,  by  J.  B.  ?>ewlHirry. 
>    -  Tbu  Fouil  Ffihoa  and  Fowl!  Pluta  of  Iha  Tiiaulo  Rock*  of  Mew  Jenny  utd  tba  CoOM 

Tiller,  by  J.  S,  NewliBiTy, 

F  lltTLLKTINS. 

f  Ewh  of  tbe  BuUoUna  tnuUiUia  bot  aii»  paper  and  li  aoniplatii  iu  ilnolf.  They  are,  hnweror,  nuia 
^berod  In  a  coollDaaun  hbi-Iu,  and  may  be  liound  !d  toIuibdi  of  umvenlBDt  liw.  To  fiAlUukls  iliU. 
■  Willi  Tliilliillii  bM  two  pai^naUona,  one  pnper  lolljairandUDtbaTwkioh  balDDga  to  It  aa  pan  of  th* 

^    or  tbia aniea nf  Biilletlna Nos.  1  to  <3  an  already  pnbllalteil,  via: 

1.  On  HyperaWieno-AndMltc  and  on  Trtollnlo  Pj-roieaa  in  AujiH.lc  Kncka.  by  WTiiiman  Croat,  wlih 
aCt'oIngicalSketcbofltua'.iIaPDaka.ColoradD.byS.F.Enimona.    1SS3.  8°.    «pp.   2  pi.   Prioe  10  ccntii. 

2.  Gold  and  SiiverConvoraianTablei,  giving  tbo  coining  Tatuea  of  troy  ouncea  of  Bns  motal.  etc.  by 
Albert  n'llllania,  jr.    1SF3.    g°.    6  pp.    Pr:i-0  S  cents. 

3.  <>nlbcFuaBilFann]iaortl>uUpiHirnbVDi>lia,.ili>nsLliotDPridianofT«^30',  noniToDipklnat^iunly. 
KewVork,lallnidl'onlCoanty,'Pennaylv.inln,byIIcuryS. 'William*.    llWt.    f.    SO  pp.    Price  3  .«nls. 

4.  OaMinouucFoMlla.byCharleaA.U'biI.1.    l»jl.    K^    36pp.    9pl.    Pricoj  cents. 

A.  A  Dicliunniy  of  Altitudi'A  in  Ibo  Uiiilwl  StatoK.  conpili^d  by  Henry  Gannetl.  IKM.  S".  325  pp. 
PricoSOccnla. 

0.  KIcvationaiD  (lie  lloiuinionuf  Canada,  by  J.  n'.  Spencer.    KM.    »".    43  pp.  Prieo  Sceiila. 

7.  M»]>ntcraGeolaKicnAini-rtcnna.  ACatalngm' nfGeoloslc^alUApsnf  America  (Nortb  anil  Sonlh), 
1752-18S1,byJu1rBUnrcon>ud  JafanRolknsiilIarcoii.    t»».    S'.    184  pp.    Price  lOrpnlB. 

».  Ou  SMionilary  EnlnrgtwvntB  uf  Sllncral  Fragmcnta  In  Certain  liocks,  by  It.  D.  Irvioj:  and  C.  i;. 
VauIIIeo.    IRKi.    SP.    acpp.    G  pi.    Price  ID  renin. 

a.  lieporlof  workilone  1b  tlio  Wulilnslon  Laboratory  durini;  Ihe  fl«al  year  18KU  *4.  F.  IV.  Clarke, 
I'lilcfchemlati  T.  U.  CliaUnl.  nMiatnnt.    1SS4.    9^    40  pp.    Price  5  cent-, 

ID.  On  thg  Canilirlan  Faunas  of  Xorth  America.    Prelioilnary  Studies,  by  Cbarica  D.  n-alcoli.    ieK4. 

11.  On  Ilio  Quaternary  and  llocent  Molliinc-.L  i.r  llio  G  real  Kualn 

It.  EUsworlb  ('all.    Introduced  by  a  Sketcli  of  tbe  Qtiatemary  Li 
b>'rt.    1881.    S".    CO  pp.    Opt.    PriceSconla. 

12.  A  I'ryatallOKrapbiD  Study  ol  tbe  Tblnnlile  iif  Lake  Labbntaii,  by  (^.Inanl  S.  Uona 
3t  pp.    3  ]>l.    Price  S  centa. 

13.  Doiindarica  uf  tbe  Unlled  Sutoa  and  at  tlii'  ■u'rcral  Slates  and  I'crritoiii-H,  by  Hen 


lli.  On  tlie  Meaezoie  and  Cenozolc  Palcoulole^y  of  California,  by  Cbarle><  A.  While.      IftBS. 

le.  OnlhelligboTDevouisuFaunaiuf  UBtarioC»uiily,  Niw  York,  by  Jobn  M.Clarke.     18U. 
eopp.    3  pi.    I'rico  0  ccBis, 


ADVERTISEMENT. 

17.  On  the  DoTelopmont  of  Crjstallizatioii  in  the  Ignooas  Rocks  of  Waahoo,  Nevada,  by  Arnold 
Hagae  and  Joseph  P.  Iddings.    1885.    8°.    44  pp.    Price  5  cents. 

18.  On  Maxine  Eocene,  Fresh-water  Miocene,  and  other  Fossil  Mollasca  of  Western  North  America, 
by  Charles  A.  White.    1886.    8^.    20  pp.    3  pi.    Price  5  cents. 

19.  Notes  on  the  Stratigraphy  of  Callfomia,  by  G^rge  F.  Becker.    1885.    &<>.    28  pp.    Price  5  cents. 

20.  Contribations  to  the  Mineralogy  of  the  Bocky  Mountains,  by  Whitman  Cross  and  W.  F.  HiUe- 
brand.    1885.    89.    Hipp.    1  pi.    Price  10 cents. 

21.  The  Lignites  of  the  Great  SiooxBesenration,  by  Bailey  Willis.  1885.  8<'.  10  pp.  Dpi.  Price 
Scents. 

22.  On  New  Cretaceous  Fossils  firom  California,  by  Charles  A.  White.  1885.  8°.  25  pp.  5  pi.  Price 
5  cents. 

23.  Observations  on  the  Junction  between  the  Bastem  Sandstone  and  the  Keweenaw  Series  on 
Keweenaw  Point,  Lake  Superior,  by  B.  D.  Irving  and  T.  C.  Chamberlin.  1885.  8^.  124  pp.  17  pi. 
Price  16  cents. 

24.  List  of  Marine  MoUasca,  comprising  the  Quaternary  fossils  and  recent  forma  from  American 
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PREFACE. 


Daring  the  summer  of  1883  a  trip  was  made  by  the  authors,  in  a  small 
steamer,  down  the  Tuscaloosa  (also  called  Black  Warrior  or  Warrior) 
River,  from  Tuscaloosa  to  its  confluence  with  the  Tombigbee,  down  the 
latter  stream  to  its  confluence  with  the  Alabama,  down  the  Alabama 
and  Mobile  Rivers  to  the  head  of  Mobile  Bay,  and  thence  up  the  last 
two  rivers  to  Prairie  Bluff.  This  route,  the  localities  of  the  accompany- 
ing detailed  sections,  and  other  points  mentioned  in  the  text  are  indi- 
cated in  the  accompanying  geologic  map  of  Alabama  forming  Plate  XI. 
The  trip  by  steamer  was  made  at  the  joint  expense  of  the  U.  S.  Geo- 
logical Survey  and  the  Geological  Survey  of  Alabama. 

The  first  draft  of  this  bulletin  was  prepared  with  the  data  collected 
daring  this  trip,  there  being  added  thereto  information  gathered  by 
myself  in  1872,  1880, 1881, 1882,  and  1884  for  the  Geological  Survey  of 
Alabama  and  for  the  Tenth  Census  of  the  United  States  and  informa- 
tion obtained  by  Mr.  L.  G.  Johnson  in  1881, 1882,  and  1883.  The  bulle- 
tin was  not  completed  until  I  had  gone  over  the  whole  ground  again,  in 
the  summer  of  1885,  in  company  with  Messrs.  T.  H.  Aldrich  and  D.  W. 
Langdon,  of  the  Geological  Survey  of  Alabama.  Finally,  the  results 
of  my  investigations  in  the  same  region  during  the  summer  of  1886 
have  been  in  large  part  incorporated.  Though  it  is  believed  that  the 
accompanying  sections  of  the  Tertiary  and  Cretaceous  strata  of  Ala- 
bama are  much  more  nearly  complete  and  more  trustworthy  than  any- 
thing hitherto  published,  it  should  be  said  that  the  paleontologic  ma 
terial  has  not  yet  been  fully  examined,  and  that  the  Ripley,  Eutaw,  and 
Tuscaloosa  formations  require  some  farther  investigation.  The  present 
report  must,  therefore,  be  regarded  as  a  preliminary  one. 

The  photographic  views  from  which  some  of  the  illustrations  have 
been  prepared  were  taken  during  the  summer  of  1885.  It  is  greatly  to 
be  regretted  that  some  of  the  photographic  plates  of  important  locali- 
ties were  spoiled  by  dampness  before  prints  could  be  obtained  from 
them. 

The  authors  desire  to  express  their  indebtedness  to  Mr.  W  J  Mc- 
Gee,  of  the  XT.  S.  Geological  Survey,  for  assistance  kindly  given  in  the 
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the  L'olk'iaious  receutly  made  by  Mr.  T.  H.  Alilricli,  but  not  yet  de- 
ficribeJ,  sliow  tbat  there  are  very  few  fossils  severally  peculiar  to  any 
•of  Iliese  (luasi-foruiatious;  anil  we  are  <UsjK>se<1  to  refer  tbe  several 
stratn  to  tbe  Upper  Eoceiip.  We  are  also  led  to  divide  tbe  Claiborne 
lof  Hilgard  iuto  tivo  formatious,  eorrespoodiug  to  bis  Calcareous  Clal- 
'borne  and  Silicious  ClaiburDe,  resiiectivcly,  and  to  restrict  the  term 
to  tbe  upper.  Wc  follow  Tuomey'  and  otbers  iu  denomiiiatiDg  tbe 
lower  formation  the  Bnbrstoite.  Again,  we  are  unable  to  discriminate 
the  hagmnge  and  the  Flatwoods  of  Hilgard ;  aitul  we  find  the  formation 
.Including  these  divisions  to  include  also  several  beds  coutaiuing  marine 
fossils.' 

The  three  Cretaceous  formations  are  easily  distinguishable  along  our 
Tlvers  AS  distinctive  rock  masses;  bat  in  constructing  our  sections  we 
Ihave  been  constantly  confronted  with  the  diJiculty  of  fixing  their  bound- 
■aries  wiib  precision,  since  they  appear  to  shade  into  one  another,  litho- 
I'togically  at  leust,  by  almost  imperceptible  gradations.  Thus  we  are  not 
iwro  that  any  of  the  outcrops  along  either  of  the  rivers  show  the  con. 
'tact  of  the  Ripley  betla  with  the  upper  part  of  the  Kotten  Limestone. 
The  contact  of  the  lowermost  strata  of  the  latter  formation  with  the  un- 
iderlyingeandy  heds  is  clearly  enough  seen  at  several  places,  at  Erie  and 
;Choctaw  Bluff,  Tuscaloosa  Biver,  and  at  House  Bluff,  Alabama  Itiver, 
I  &c. ;  but  below  the  first  15  or  20  feet  of  these  sands  the  strata  for  nearly 
ISOO  feet  (and,  indeed,  to  the  ba>se  of  the  Tuscnloosu  formation,  perhaps 
1,000  feet  lower  still)  are  exceedingly  poor  iu  fossil  remains,  except  (lio?e 
of  vegetable  origin,  and  even  these  are  almost  indeterminable.  Dr. 
Hilgard  considers  these  fossiliferous  sands  (his  Tombigbee  Saud  group) 
as  more  nearly  allied  to  the  Rotten  Limestone  than  to  the  Eutaw  group, 
and  if  we  class  them  with  the  former  tlieu  the  line  between  the  Rotten 
Limestone  and  the  Eutaw  groups  will  come  somewhere  within  the  first 
20  feet  or  so  below  the  base  of  tbe  calcareous  part  of  the  J'otten  Lime- 
stoue.  The  limit  between  the  Entaw  and  the  Tuscaloosa  formation,  in 
like  manner,  is  ill  defined.  It  may  further  be  mentioned  that  we  have 
not  seen  iu  Alabama  any  beds  which  we  can  identifv  as  belonging  to  the 
Giand  Gult  age 

Our  estimates  of  thicknesse-,  Aar\  considerably  from  those  of  Hil- 
gard, parth,  at  least,  hei  uise  his  eslnnates  do  not  rtpresent  the  Ihick- 

'1  list  III  II  1  <)>  <■•<>>  of  All  ]>  U  1^  U 
riiisformnu  iiliHsl.riuUnomiujt  I  !■  .1  „  i  in  1  ^  llulpnii  (.Proc.  Acad.  Nat.  Sci. 
PhiU  p  lol.l-fl)  but  tb,  1  in  of  iinouti  <1.  Ill  iiKis  the  Intention  of  the  name  Lis- 
uilic,  vhiih  w-iaiistd  lu  Ibu  aiine  bplsu  b^  llil^nnl  iii  I -GO  or  earlier.  Once  monv 
\re  tm-l  Lomptlleil  to  rtiirat  tlia  inuie  Eiita«  1 1  tLo  j,l  lucouitic  Bands,  laniinateil 
cla\  s,  micaceimi  hinds,  \  (  bcm  atli  Ibe  Tiiiiibijrbi  o  satid  uiid  above  the  Big  Lo<: 
■^lionts  hori70u  Vnd  tiuilU,fi>r  reasons  staltd  full)  on  a.  aubHequeiit  page,  nr 
aj>ph  tbe  iiunm  Tiiii  i loos'*  form iti on  to  the  fossilifemiH  clavs,  purple  clays  and  ns- 
socnlcd  rockd  tsjiosed  on  tlio  TnscalooBi  Rnirfroni  Tuscaloosa  to  White  Bluff  aod 
nl  luinf  loLdlitics  iKtweeii  ib(   I  itscnlootn  iiid  A1  ibinia  Ri\t.rs 
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ness  at  auy  one  locality,  but  the  maxima  in  the  Gulf  States,  and  partly 
because  our  estimates  are  based  on  careful  measurements  of  actual  ex- 
posures of  which  only  a  part  have  hitherto  been  examined. 

Since  our  route  described  two  approximately  parallel  lines  at  right 
angles  to  the  strike  of  the  strata,  we  have  generally  been  able  to  supply 
the  breaks  in  continuity  of  exposures  along  one  river  by  satisfactory 
exposures  at  corresponding  stratigraphic  horizons  on  the  other,  or  at 
some  points  inland  but  contiguous  to  the  water  courses. 

In  the  Tertiary  formations  at  two  horizons  only  have  we  been  unable, 
by  the  combination  of  undoubtedly  overlapping  sections,  to  perfect  our 
strati^aphic  column.  These  breaks,  which,  upon  an  assumed  uniform 
dip  of  30  to  40  feet  to  the  mile,  cannot  involve  more  than  50  feet  each, 
probably  much  less,  we  have  left  blank.  The  black  clays  at  the  base  of 
the  Tertiary  are  exposed  along  the  Tombigbee  River  from  Black  Bluff 
to  Naheola,  a  distance  which,  with  such  a  dip  as  that  assumed,  would 
correspond  to  a  thickness  of  260  feet.^  These  clays  are  much  thinner 
on  the  Alabama  River,  and  in  the  Bladen  Springs  boring,  as  we  interpret 
it,  the  thickness  is  about  100  feet,  which  we  have  adopted  in  our  section. 
The  apparently  much  greater  thickness  indicated  by  the  exposures 
along  the  Tombigbee  is  probably  due  to  undulations  in  the  strata. 

Our  estimate  of  the  total  thickness  of  the  Tertiary  formations,  rang- 
ing from  1,630  to  1,700  feet,  is  considerably  larger  than  any  hitherto 
made.  It  is,  however,  a  minimum,  as  may  be  seen  from  our  plates  giv- 
ing the  overlapping  sections  from  which  the  stratigraphic  column  has 
been  constructed.  This  estimate  finds  a  strong  corroboration  in  the  rec- 
ords of  borings  made  in  Meridian,  Miss.,  and  at  Bladen  Springs,  Ala. 
The  former  boring  was  commenced  in  the  upper  strata  of  the  Lignitic, 
just  beneath  the  Buhrstone,  and  it  is  certain  that  the^tten  Limestone 
of  the  Cretaceous  was  not  reached  at  a  depth  of  980  feet.  At  Bladen 
Springs  the  surface  rocks  are  the  Hatchetigbee  beds,  immediately  un- 
derlying the  Buhrstone.  In  this  boring  the  Rotten  Limestone  was 
reached  at  1,220  feet  and  the  boring  terminated  in  that  formation  at 
a  depth  of  1,345  feet  Accordingly-,  while  our  estimates  of  the  aggre- 
gate thickness  of  the  Tertiary  formations  of  the  Alabama  and  Tusca- 
loosa Rivers  doubtless  include  minor  errors,  we  have,  we  believe,  a 
nearly  complete  and  generally  accurate  section  of  the  strata  exposed 
on  these  rivers. 

In  the  case  of  the  Cretaceous  our  observations  have  less  completely 
covered  the  ground,  and  we  have  been  forced  in  some  instances  to  rely 
npon  estimates  based  upon  an  assumed  seaward  dip  of  the  strata  of  40 
feet  to  the  mile.    This  rate  of  dip  agrees  with  the  average  of  our  obser- 

>  A  re-examination  of  the  exposares  of  tliese  black  clays  in  the  summer  of  1886  has 
convinced  me  that  no  reliance  can  be  placed  upon  the  dip  in  estimating  the  thickness, 
for  the  clays  nndnlate  yery  considerably.  One  bkl  in  the  black  clay,  for  instance, 
was  traced  down  the  river  (across  the  strike)  for  several  miles,  with  scarcely  any 
dumge  in  its  height  aboye  the  water  level. — E.  A.  S. 

(169) 
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vations  aud  U  corroborated  by  the  record  of  tbe  boriiif^  for  an  artosimi 
\  well  at  Liriagstou,  in  Sumter  County.  Tlie  Lbickoess  ufltotteD  Lime- 
Btone  penetrated  in  tbis  boring  ia  030  to  'JoO  furt,  aud  tbe  width  of  tlie 
belt  in  wbicb  thia  is  tbe  surface  rock  in  tbis  part  i»  about  tweuty-four 
miles  across  tbe  strike  of  the  strata.  lu  tbe  Ripley  divisiou  we  have^ 
we  iJiiuk,  a  nearly  coujplele  eection  from  our  obsvrrationti.  Iti  the 
,  Rotten  Limestone  we  bave  tbe  record  of  tbe  LiviiigHtou  well.  Iti  tbe 
Eutaw  forinntiou  we  bave  to  rely  in  some  degree  upon  e«tiiuat<.'s,  tbougb 
we  bave  at  Kiitaw,  nn  tbe  Taaealuwaa,  and  at  Houho  Bluff  and  at  Can- 
ningbam  UIiitF,  on  tbe  Alabiuua,  as  we  believe,  nvarly  if  not  quite  the 
complete  »et'ie». 

Tbe  materials  of  tbe  Tuscaloosa  formation,  clays  and  loose  saudft, 
make  comparatively  litllusbow  along  tbe  Tuscaloosa  Hiver.  Ouruol- 
nma  of  tbis  formation  is  accordingly  very  imperfect,  aud  the  estimate 
of  thickness  is  based  altogether  upon  an  assumed  dip  of  the  strata  of 
40  feet  to  the  mile. 

Tbe  following  table  exhibits,  in  condensed  form,  our  subdivisions  of 
the  Tertiary  aud  Cretaceous  formations  of  Alabama  as  osposed  along 
the  Tuscaloosu,  Tombigbee,  and  Alabama  Rivers,  lo;;ethi>r  wiib  tbe 
carefully  estimated  thickness  of  escb: 

^^^■^                                                       I  Coral  LiiDeHloDc  <VioksbiirgT)....  130 

^^^^h^rl^pper... .White  Limestone?  Vickebnrf;  lorbiloiilal} 140 

^^^^^P'l                                                    '  Jocknan 60 

Middle.  (Claibom.1 U0-H5 

t  KuUrstou,' 301} 

„  _.                                                               f  Hatclieiicbee 175 

Tertiarr  ,„     ,.   —  .,. 

(Eoct>nf).                                                          \Voo,r,  Blurt f(M.^ 

BeiraLsniliiig 14(1 

Lnwor.-.'.Lisnitic ■  Niinatalia aOll 

MaHLows'a  Landing  anil  Xuliei>la .  130-1  ji) 

BUick  Bliiir UN) 

Jndiiaj -i--, 

1  liiplpy 250-37.'. 

Cretaceous ?  lioltni  Liiuealouc 1,000 

i  Kiiliivv 300 

CretaceoiiN  (?) Tiiscraloima (r)l,IX)0 

Our  investigiitions  rotate  chiedy  to  tbe  formations  below  tbe  White 
Limestone,  and  more  esi>ecially  to  those  nnderlyinj;  tbe  Rubrstone,  of 
which,  so  far  as  we  are  aware,  no  connected  account  iias  hitherto  been 
published. 

Our  itinerary  notes  bave  Iteen  assembiod  and  digested  and  tbe  va- 
rious exposures  of  the  two  water  wiiys  are  ilesfiibed  logotber  in  tbe 
inverse  order  of  anti^piity.    The  leading  phenomena  are  recapitulated 
in  the  description  of  the  general  scctior. 
(170) 
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I.-TERTIARY  STRATA. 
§1.  THE  WHITE  LIMESTONE. 

As  already  stated,  we  include  in  thi§  formation  both  the  Yicksbarg 
and  the  Jackson  groap  of  Conrad,  Hilgard,  and  others,  as  well  as  the 
Bed  Blaff  group  of  Hilgard,  if  it  is  developed  in  Alabama.  The  recent 
very  extensive  collections  of  Mr.  T.  H.  Aldrich  have  shown  that,  with 
very  few  exceptions,  the  same  shells  are  common  to  the  Vicksburg  and 
to  the  Jackson  bed.  Certain  lithological  and  paleontological  differences 
may  easily  be  observed  in  the  different  parts  of  this  formation,  as  set 
forth  below,  bat  these  differences  do  not,  in  our  opinion,  justify  us  in 
dividing  a  formation  which,  in  Alabama,  so  clearly  presents  itself  as  a 
unit.  The  term  White  Limestone  has  been  used  by  Professors  Tuomey 
and  Winchell  and  by  other  geologists  as  representing  both  of  the  above 
groups,  though  most  of  the  writers  on  Alabama  Tertiary  geology  have 
called  attention  to  certain  differences  existing  between  the  upper  and 
the  lower  parts  of  the  formation  as  exhibited  at  the  bluff'  at  St.  Stephens. 

The  term,  moreover,  is  popularly  used  to  designate  this  whole  series 
of  limestone  rocks  throughout  the  region  in  which  it  occurs.  As  above 
stated,  it  is  in  this  sense  that  we  also  wish  to  use  it,  and  we  do  not  in- 
teud  to  confine  the  tenu,  as  does  Heilprin,  to  the  lower  60  feet,  which 
corresponds  to  the  Jackson  division. 

The  thickness  of  the  White  Limestone  in  Alabama  we  believe  to  be 
not  less  than  ^0  feet,  and  our  estimates  are  based  upon  the  following 
facts:  About  half  a  milafrom  the  Claiborne  bluff,  on  the  road  to  Perduo 
Hill,  White  Limestone  filled  with  Orbitaides  Mantelli  Mort.  occurs  at 
least  200  feet  above  the  base  of  the  argillaceous  White  Limestone  (Jack- 
son) which  immediately  overlies  the  Claiborne  fossiliferous  sands.  At 
this  locality,  therefore,  we  have  undoubtedly  200  feet  of  limestones  be- 
longing to  this  division  of  the  Tertiary.  At  Salt  Mountain,  150  feet  of 
a  coral  limestone  overlies  the  uppermost  of  the  beds  with  Orbitaides 
Mantelliy  and  this,  added  to  the  orbitoidal  and  argillaceous  limestones 
seen  at  Claiborne,  gives  what  we  consider  to  be  the  minimum  thickness 
of  the  White  Limestone. 

As  regards  the  classification  of  the  White  Limestone  in  the  Tertiary 
series,  opinions  vary.  Conrad  say s:^  **The  Claiborne  group  I  regard 
as  newer  Eocene,  the  Jackson  as  older  Oligoceue,  and  the  Vicksburg 
group  as  newer  Oligocene.'' 

Heilprin^  also  puts  the  Vicksburg  and  the  Jackson  together  as  Oligo- 
cene,  though  elsewhere  in  the  same  volume  he  speaks  of  the  Vicksburg 
alone  as  Oligocene  and  places  the  Jackson  with  the  Eocene  as  its  up- 
I^rmost  member. 

1  Geol.  N.  C,  Vol.  1,  Appendix  A,  p.  25,  1875. 
^Contrib.  to  the  Tert.  Geol.  and  Pal.  of  tbe  U.  S.,  p.  33. 

(171) 
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The  view  of  Oonrail  wa^i  at  first  adopted  by  us,  but  subserjuently  the 
I  Btudy  of  extensive  cuUectioiis  oiiule  by  .Mr.  AUlricli  at  Jauksoa  aud 
I    Vicksbarg,  tbo  liruUiig  by  bim  of  Venericar-dia  jtlanicosta  iu  tbe  upper- 

most  beds  of  the  Wliite  Limestone  near  Claiborne,  and  otber  circam- 
'    Btaiices  have  le<l  us  to  tbink  that  there  is  uo  good  reasou  for  separatiiig 

any  part  of  our  Whit«  LirnestoDe  ijoia  tbe  Eoceue,  and  we  have  uo 
'  strata  in  Alabama  which  we  regard  as  OUgoceue, 

[  It  is  to  bi:  roinaiked  that  uowhere  iti  Alabama  have  any  deposits 
I  yet  been  found  compariible  with  tbe  fossiliferons  beds  of  Jaoksou  and 
j  Vicksbiirg  iti  Mississippi,  as  regards  eitl^er  tbe  exeelleuoo  of  preser- 
I   vatiouortbe  number  aud  variety  of  tlie  fossils;  for,  with  tbe  exception  of 

Orbitoiden  MimtelU,  Pecten ^erplaitus  iloil..  Zeugloilon,  cetoides,  and  a  few 

others,  fos-sils  are  comparatively  rare  in  the  Alabama  White  Limestone. 


i  UMESTOSK. 


L  The  few  forms,  however,  which  do  occur  here  appear  to  be  generally 
'  restricted  to  a  defluite  horizon,  aud  we  recognize  iu  every  locality  of  iu 
*  occurrence  two  diviaionaof  the  Wliite  Limestone,  aud  in  one  place  three 
I  divisions,  each  distiuguisbeil  by  peculiarities  iu  its  lithological  oharac- 
I   ters  and  iu  its  fossils. 

The  uppermost  division,  150  feat  ia  thickness,  has  as  yet  been  observed 

I  in  one  locality  only,  viz,  at  Salt  Mountain  at  the  Middle  Salt  Works  in 

I  t)larke  County.    Tbe  rock  here,  is  a  hard,  white  limej^tuue,  comi>osed 

in  great  measure  of  masses  of  corals  partly  silicified.     Xear  the  base  of 

this  rock  there  occur  great  numbers  of  the  spines  and  plates  of  echino- 

derms. 

The  middle  division  of  the  White  Limestone  has  a  thickness  of  at 
least  140  feet.  Litbologically  it  varies  considerably,  being  in  part  a 
hard,  crystalline  limestone  weathering  into  rough,  irregularly  shaped 
pieces,  which  Lave  suggested  the  name  "horseboue"  rock,  popularly 
used  to  designate  it.  Another  variety  is  a  soft,  sometimes  pulverulent 
mass  of  nearly  pure  carbonate  of  lime,  which  is  everywhere  quarried  for 
building  purposes.  When  fresh,  this  rock  may  easily  be  cut  with  an  as 
or  a  saw,  but  it  hardens  on  exposure  to  the  air  and  lasts  for  many  years 
in  chimueys  and  pillars  to  houses.  This  part  of  the  White  Limestoue 
coutaius  as  a  characteristic  fossil  Orbitoiden  MantelU,  often  in  such  num- 
bers that  the  rock  is  little  more  than  a  mass  of  the  disks  of  orbitoides 
packed  in  soft,  white  carboiiateof  lime.  The  orbitoides  are  most  abun- 
dant iu  the  upper  two  thinls  of  this  division,  becoming  less  aud  less 
abundant  below  this. 

The  hirer  dirixion  of  the  White  Limestone,  about  (JO  feet  in  thickness, 
is  iu  general  terms  a  light  colored,  argillaceous  limestone  resembling 
theEotteu  Limestone  of  the  Cretaceous  formation  both  in  the  charac- 
ter of  the  rock  and  in  that  of  the  soils  to  which  it  gives  rise  on  disinte- 
l^ration.  It  is  traversed  by  thin  bands  of  tolerably  pure,  white  lime- 
stone and  by  beds  of  slightly  calcareous  clay,  the  latter  often  impreg- 
(ITli) 
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nated  with  gypsum.  In  places  it  is  strongly  glaucoaitic.  This  diyision 
contains  a  greater  variety  of  fossils  than  either  of  the  other  two,  though 
probably  a  smaller  number.  The  fossils  appear  in  general  to  be  much 
more  abundant  in  the  upper  half  of  the  rock,  where  the  more  commonly 
occurring  species  are  Pecten  perplanus  Mort.,  Spondylus  dumosus  Mort., 
Ostrca  cretacea  Mort.,  sharks'  teeth,  bones  of  Zeuglodon  cetoidesy  and 
Ttrebratula  lachryma  Mort.  This  upper  and  most  highly  fossiliferous 
part  holds  calcareous  clays  which  are  strongly  x)hosphatic  and  occa- 
sionally well  filled  with  phosphatic  or  copro4itic  nodules.  The  lower 
half  of  this  division,  while  less  fossiliferous  than  the  preceding,  has  in 
nearly  every  locality  examined  a  bed  near  its  base  at  least  three  feet 
in  thickness  holding  vast  numl^ers  of  Scutella  Lyelli  Con.  This,  which 
we  have  called  the  Scutella  bed,  has  often  served  us  as  a  guide  in  the 
study  of  this  formation  in  the  field,  since  it  overlies  by  a  few  feet  only 
the  Claiborne  fossiliferous  sands.* 

This  lower  division  of  the  White  Limestone  has  usually  been  con- 
sidered  the  equivalent  of  the  Jackson,  and  the  overlying  orbitoidal 
rock  (middle  division)  the  equivalent  of  the  Vicksburg  group  of  Mis- 
sissippi, and  there  seems  to  be  no  reason  to  doubt  the  correctness  of 
the  identification.  The  uppermost  division  has  been  observed  or  recog- 
nized only  atone  locality  (Salt  Mountain),  but  it  will  probably  be  found 
to  belong  to  the  Vicksburg  group. 

The  following  sections  (see  Plate  XII,  p.  143)  exhibit  the  characters  of 
two  phases  of  the  White  Limestone  as  they  are  exposed  along  the  two 
rivers,  and  a  third  phase  seen  in  the  lower  part  of  Clarke  County 
between  the  rivers. 

(a)  About  six  miles  south  of  Jackson,  in  Clarke  County,  at  the  Central 
Salt  Works,  I  obtained  in  the  summer  of  1885  a  section  of  the  upper- 
most of  the  White  Limestone  rocks  which  overlie  the  orbitoidal  rock. 
These  rocks,  which  are  seen  in  actual  contact  with  the  orbitoidal  lime- 
stone, form  the  summit  of  the  White  Limestone  formation  in  Alabama, 
so  far,  at  least,  as  our  observation  goes.  At  this  locality.  Salt  Creek 
flows  at  the  base  of  a  hill  rising  150  feet  above  the  water  level  and  com- 
posed of  limestone  in  which  the  only  recognizable  fossils  are  spines 
and  plates  of  echinoderms  and  great  masses  of  corals.  These  corals 
make  up  a  very  considerable  proportion  of  the  hill.  A  few  hundred 
yards  from  the  base  of  the  hill  a  thickness  of  about  twenty  feet  of  the 
orbitoidal  rock,  such  as  is  used  in  the  vicinity  for  building  purposes, 
is  exposed,  and  in  such  position  as  to  show  unmistakably  that  it  under- 
lies the  coral  rock  of  the  hill  just  mentioned,  which  has  the  local  name 
of  Salt  Mountain.    (See  Plate  XII,  Fig.  1,  p.  143.) 

^The  rocks  of  the  Claiborue  group  aro  distiuguished  from  those  of  the  White  Lime- 
stone by  the  presence  of  glaacoulte  in  Inrge  proportion,  and  this  Scutella  bed  is  the 
first  of  the  ferruginous  beds  of  tho  Tertiary.  We  are  undecided  whether  this  Scu- 
tella bed  should  go  with  the  Wliito  Liini^stoue  or  with  the  Claiborne,  since  the  fossil 
is  foand  in  both  forinatioim. 
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jl"  (6)  The  bliifi"  at  Saiut  Stephens  on  the  Tombigbee  River  (Plate  II), 
I  alKiutone  hundred  feet  iu  height,  (ssUiWts  both  of  thecoTumouly occurring 
I.  phases  of  the  White  Liiaeatone,  riz,  the  middle  and  lowermost.  (See 
l|  Pliiie  XII,  Fig.  2,  p.  143. )  The  uppermost  70  feet  of  thia  biuff  cousiate  of 
Uie  Sitft  White  Limestone,  which  is  extensively  quarried  for  building 

■  ohimueys.    Orbitoides  Mantelli  occurs  tbroughdtit  this  rock,  but  is  i>ar- 
I    ticularlyabtiudant  in  the  uppermost  20  or  30  feet.     Below  theorbitoidal 

rock  to  the  water'd  edge  th.e  limestone  ia  rather  urgillaceou.'t  and  holds  in 
places  great  numbers  of  Spoadylus  (Plaifiottoma)  dumoum  and  other 
fossils  which  are  usiinlly  considered  charactemtic  of  the  ilacksou  gronp. 
In  this  part  of  the  bluff,  Mr.  D,  W.  Laugdon,  jr.,  of  tbe  Alabama  Geolog- 
ical Survey,  in  1884  discovered  phosphatio  nodules  and  a  phoHphatio 
mail,  a  more  detailed  description  i>f  which  will  be  found  in  a  forth- 
comiug  Alabama  Statu  Geological  Report.  In  this  connection  it  may 
be  proper  to  say  that  in  the  summer  of  18<S.>  we  found  lUat  a  phosphatic 

■  mavl  occurs   in  the  lower  or  Jackson  division  of  the  White  Limestone 
'   everywhere  in  Choctaw,  Clarke,  aud  Monroe  Counties. 

(c)  About  half  a  mile  above  Saint  Stephens  Bluff,  aud  in  plaiu  sight 
of  it,  is  Gopher  or  Baker's  Hill,  wh-^re  ' he  actual  contact  of  t  he  lime- 

'  stones  of  Saint  Stephens  Bluff  with  the  fernigioous  sauds  of  the  Clai- 
borne formation  may  be  clearly  seen. 

I  The  following  sectioa  of  Baker's  Hill  shonld  set  forever  at  rest  the 
question  of  the  relative  positioua  of  the  strata  (wnceroed  (see  Plate 
Xir,  Fit:.  .J,  p.  113). 

Sclion  at  Baker's  Hill,   Tombigbet  River. 

1.  OrbitoiiinI  li "Inne  forming  HUiuniit  «t  Ihu  hill.     Tlii^  Ijino^toao  It  t  he  snme  as 

tbiit  formiiijj;  llio  iiii[ier  part  of  tlie  Suiiit  StopUous  Uliiff,  hulf  a  iiiilo  (lis- 
l;iiit 'JO  lo  30  feet. 

2.  Argillaceous  liuiuston«  with  I'rcleii i<erpUni«H  Mort.  niiil  Pe<Ua  PoiiUoxi  Mori,  in  its 

upper  part  uml  nilli  li.inl  luilfr^.g  ju  Imvir  purt !>.'>  to  (iO  feet. 

Tbia  rock  is  the  name  as  thnt  nt  the  liuse  of  S:iiiit  Stephens  Btalf,  but  ouly  1^ 
to  •■Hi  feet  of  it  rtro  to  be  sei-ii  Hbove  w.'itcr  lit  the  Utter  place. 

3.  Beil  witli  ScmMIii  Li/clli  iti  ^rejit  numbers,  I  Toot  wen.  At  other  points 3  feet. 

4.  Coarse  grni I iu(l,  ferni);iuons  snnds,  passing  ilon-iiwiinls  into  roililish,  fermgiuou^ 

samla,  with  llic  chitritctiTUtiu  fossils  of  tlin  Ululbnrnu  tuimts,  vi/„  Melonsiaa  u!- 
rmta  Cou„  Crtpulnta  Virata  Con..  I«f,iiunb«hi»tU-oehlf«fmh  Con.,  rorluUt  31«r- 
chiioni  Le.l.  Turnl'lln  liniiila  Lea,  Cglhirin  't'liiorea  Con.,  Olii-a  .Ua>iiinien$iii  L'i>ii., 
Tarbinella  iiayaloiil'ii  Cmi.,  TurbiiiuJia  Maclurei  Lv.i.  Valuta  DiJ'ranckii  Lea,  J'latte 
aulcalaLva,  Ac l.'>lo  la  tVct. 

5.  Bluish  Rrvi'u.  f^tiiiicoiiitic  KumUauil  rlu.vr  naiiiUcoutniuiitgu^'/dhc'/iiiii  HitDJIar  to 

thnt  lonuaulCUH...rJioftiia:it  CoBeeville a  to  10  feet. 

6.  Hanlleilfje  .It  «-!it,.r-i  ..ajje  at  upiH-r  eiiil  ofbluli' 1  foot. 

(rf)  During  the  sniuiuiif  of  tSyj  mmy  localities  were  visit  ed  in  Choc- 
taw and  Clarke  Counties  where  the  White  Limestone  aud  the  Claiborne 
sands  are  to  be  seen  iu  coutact,  so  that  there  can  be  no  possible  doubt 
as  to  their  relative  position,  unless  we  assume  that  the  strata  have 
been  overturned,  and  of  this  there  is  not  a  sliaduw  of  pro  of.  Some  of 
the  localities  were  also  viaiteil  by  Professor  'Cuouiey  aud    by  Prof.  A. 
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Wiuchell,  while  some  have  not  yet  been  referred  to  in  anypablished 
(iocamenl.    These  localities  will  be  given  below,  under  Claiborne  group. 

Professor  Tuoniey*  says  that  the  Bahrstone,*  after  dipping  below  the 
surface  in  the  upper  part  of  Clarke  County,  emerges  again  at  the  Lower 
Salt  Works,  in  the  southern  part  of  the  county.  Our  visit  to  this  place 
in  1SS3  confirmed  this  statement  of  Professor  Tuomey,  but  there  were 
many  things  observed  in  the  distribution  of  the  rocks  in  Clarke  and 
Choctaw  Counties  which  were  difficult  of  explanation  so  long  as  we 
cou fined  our  attention  to  the  banks  of  the  rivers. 

During  several  excursions  by  land  through  these  counties  previous 
to  1883  and  again  in  the  summer  of  1885,  the  present  writer  was  able 
to  collect  the  data  w&ich  prove  that  the  basin  in  Clarke  County,  referred 
to  by  Professor  Tuomey,  is  by  no  means  a  simple  syncline,  but  includes 
several  undulations,  by  which  the  Bnhrstone  rocks  are  again  brought 
to  the  surface  of  the  country  at  several  points  to  the  southward  of  the 
line  where  they  first  dip  below  it.  It  is  by  reason  of  t  hese  irregulari- 
ties that  the  southernmost  exposures  of  the  Tertiary  rocks  along  the 
rivers  are  not  made  by  the  uppermost  rocks  of  the  White  Limestone 
series,  but  in  the  case  of  Choctaw  Bluff,  at  least,  by  those  of  the  Jackson 
or  lower  division  of  the  White  Limestone. 

Section  at  Choctaw  Bluff,  Clarke  County, 

1.  Drift,  pebbles  and  saud,  capped  with  red  loam 20  feet. 

2.  Bluish  clay 5  feet. 

3.  Greenish  clay 5  feet. 

4.  White  argillaceous  limestone  or  indurated  marl,  containing  many  large  specimens 

of  Oatrea  Georgianaj  Sautella  Lyelliy  Pecten  Poulsonif  many  tubes  of  ^ptrgiUum  or 
allied  genus,  and  obscure  ciists  of  other  fossils 5  feet. 

The  bluish  clay  (No.  2)  contained  in  many  places  liguitized  or  half 
liguitized  stumps,  while  the  underlyiug  greenish  clay  contained  no 
fossils. 

At  Gainestowu,  a  few  miles  above  Choctaw  Bluff,  there  is  another  ex- 
posure of  the  White  Limestone.  The  principal  rock  at  this  place  is  a 
heavy  bedded,  yellowish  limestone  with  Orbitoides  Mantelli.  This  rock 
has  been  quarried  for  building  purposes,  and  several  large  blocks  of  it 
are  to  be  seen  on  the  rhxr  bank  at  Choctaw  Bluff,  whither  they  were 
earned  during  the  war.  The  tubes  of  Aspergillum  are  also  to  be  seen 
at  several  places  near  Gainestowu,  and  some  of  the  clays  there  hold  a 
very  considerable  amount  of  gypsum  crystals,  as  described  by  Mr.  E. 
Q.  Thornton,*  who  also  says  that  the  bones  of  Zeuglodon  have  been  found 
a  few  miles  from  the  Gainestowu  Landing.  From  these  circumstances 
it  appears  that  a  part,  at  least,  of  the  strata  at  Gainestowu  is  of  the 
Jackson  horizon. 

(e)  From  Marshall's  Landing,  some  miles  above  Gainestowu,  up  to 
Claiborne,  the  bluffs  on  both  sides  of  the  river  give  a  very  complete 

*  First  Bien.  Rep.  Geol.  Ala.,  p.  150. 1850. 
^Second  Bien.  Kep.  Geol.  Ala.,  pp.  250  251,  1858. 
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and  almost  uDiiiterrii|iteii  section,  witli  iioue  of  tUe  irregularities notic-ed 
on  tlie  Toinbigbeo,  since  all  tlio  atnitii  sliow  a  gcutle  southerly  dip. 
At  ^lursliaira  Litnding,  tlie  npitcr  {mrt  of  tbe  bluff  consists  of  the 
.  orbltoidnl  Htuestoiie,  tLe  lower  piirt  of  the  argillaceous  HmestoDe  of 
JackRoii  age,  and  from  tbis  point  iip  to  tbe  mouth  of  Cedar  Cieek  the 
otber  beds  of  the  Jackson  series  form  Ilie  low  bluffs  of  tbe  river,  from 
wbloh  a  very  good  section  bas  been  made,  as  follows : 

Sectioa  of.  ITIiUe  Limeatoae  tirala,  Jtabamii  Hirer. 

,    1.  OrbiUiidul  Wbito  Limeatone  of  the  aanal  character 10  feet. 

I   S.  White  Liuiestoue  caaiMmag  Seatella  Lstlti  ia  uambera 10  fvet, 

This  is  llie  1)a««  of  tlie  Viclisbiirg  or  OcbitoiOal  Limeatone,  whioli,  na  we  have 
seen  ut  ClailMtae,  boa  a  tbitkueas  of  140  Feet,  ami  at  Salt  MDiintaiu  liiu  150  !t^e\, 
oX  a  coral  limestone  above  it. 
3.  EfTervoHcetiC  or  caloareous,  joint  clay,  iu  two  beila,  eaolt  5  oc  Q  fuet  ia  Ibiclcuesa, 
soparuteil  by  3  feot  of  soft,  eartLy  White  Litui'stoiie ;  below  tliis  ii  Iianler  ledge 
of  limestouu,  mid  then  aboitt  8  feet  of  blue  clay,  jiaadug  iato  a  blue,  cnlcareoHB 

'  clayormarl,  luukinKiniUl nlioat  24  frat. 

I  4.  Earthy  (iliitB  limestone,  resombliug  the  Rotten  LiiDeet(tuo  of  ttin  Cretaeuons  form- 
ation   ^ nliont  2ri  feet. 

(This  limoHtoiie  has  at  intervals  of  3  or  4  feet,  leilges  of  similnr  but  harder  ma- 
terial ptaje«tiag  slightly  from  the  faces  of  the  blnff.    These  ledgers  vary  from  one 
to  three  feet  in  thickness. 
I    E.  Ssntellahed  (5.  LytUi),  cxmtiiRUiig  af  3  layers:  (n)  alinmtonD,  with  atav  ScuttUaa 
t  {S.  Lselli),  I  foot;  (b)  a  ferrugiuous  Nnud  filled  with  the  same  SmtUlla,  Ifoot; 

(e)awhitelltnestonebeds!miIarti>(a)BQd  I  foot  thick * 3  feat. 

Beiipnih  (his  Is  a  bed  of  coarsegrained,  fi'rruginoussand,  exlPMdingtlowu  to  the 

This  bed  i»  aecu  at  Rattlesnake  Bluli;  Claiborne. 

Tbe.se  relations  are  shown  in  tbe  section.  (See  Plate  XII,  Fig.  4,  \i. 
H3,) 

(/}  Tbe  tipper  part  of  tbelduff  at  Claiborne  is  also  composed  of  tbe 
argillaceotiH  White  Liniestonc  of  the  .Tacksoti  age,  and  as  we  aseeial  ibe 
bill  back  of  Ciaiborne,  leading  u|>  U)  Perdue  Hill  (li  miles),  the  orbitoidal 
limestone  appears  in  gullies  and  wberever  the  surface  .soil  has  been  re- 
moved, up  to  an  elevation  of  90  or  1(10  feet  above  tlio  top  of  tlie  river 
bluff.  This  is  precisely  the  po.sitiou  whicli  the  White  Limestone  oreu|>ies 
with  reference  totlio  Claiboniosand.sat  Baker',-*  Hill  on  tlieTonibigbee, 
as  well  as  at  otlier  localities  in  Clarke  County,  referred  to  above.  (See 
Plate  XII,  Fig.  5,  p.  143.) 

Tlie  White  Limestone  is  the  surface  rock  over  a  very  considerable 
part  of  Choctaw,  Wasbingtoii,  Clarke,  Monroe,  Conecuii,  Covington, 
and  Geneva  Counties.  Where  tbe  bnver  or  more  argillaceous  jiortiou 
Qf  it  forms  tbe  surface,  it  give.-i  rise,  ni>on  disintegration,  to  a  liuiy 
soil,  very  similar  to  that  of  thel'otten  Limestone  of  the  Crelaceou.s 
gronp,  but  the  topography  is  inucb  more  broken,  justifying  tlic  name  of 
Lime  Hills,  which  I  have  given  to  this  region  in  tbe  Itejiort  of  the 
Geological  Survey  of  Alab;ima  for  1SSI-'8L*.  These  Lime  Hills  may  be 
followed  fi-om  Choctiiwainl  Wasbingtoii  CoHuties,  withoutii break,  into 
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Mississippi,  and  tiiero  can  bo  no  doubt  as  to  their  identity  with  the 
Jackson  prairies  of  Professor  Hilgard. 

It  is  in  these  Prairie  Hills  that  the  Zeuglodon  bones  are  always  found. 
Other  commonly  occurring  fossils  are  Pec  ten  per  planus^  Spondylus  du- 
moBuSj  Scutella  Lyellij  a  species  of  Ostren,  and  a  Cassis  similar  to  one 
occurring  at  Bed  Bluff  in  Mississippi. 

§2.  THE  CLAIBORNE. 

The  beds  which  in  Alabama  intervene  between  the  base  of  the  White 
Limestone  and  the  top  of  the  Lignitic  division,  and  which  are  at  least  450 
feet  in  thickness,  niay  be  divided  into  two  groups,  of  very  unequal 
thickness,  which  exhibit  very  marked  difl'ereiices  in  their  lithological 
features  and  in  the  relative  abundance  and  varietj',  though  perhaps  not 
in  the  specific  characters,  of  their  fossil  contents. 

The  upper  group,  140  to  150  feet  in  thickness,  constituting  the  Clai- 
borne beds  proper^  consists  of  ferruginous  sands,  calcareous  sands,  and 
calcareous  clays,  generally  glauconitic.  These  beds  are  mostly  loose 
and  incolierent,  crumbling  easily  and  giving  rise  to  no  marked  topo- 
graplik;  features  in  the  region  which  they  immediately  underlie.  This 
whole  group  is  distinguished  by  the  abundance  and  the  variety  of  its 
fossils.  Near  the  top  of  the  series  is  the  bed  of  ferruginous  sand  which 
has  furnished  the  greater  part  of  the  celebrated  Claiborne  fossils.  The 
calcareous  sands  underlying  for  60  feet  the  ferruginous  Claiborne  sand 
above  named  are  clearly  marked  by  the' great  numbers  of  the  shells  of 
Ostrea  sellceformis  which  they  contain.  Below  these  beds  are  glauconitic 
sands  and  clays  holding  a  great  variety  of  well  preserved  shells. 

The  lower  group,  about  300  feet  thick,  consists  of  silicious  and  alum- 
inous sandstones  and  indurated  clays,  with  occasional  glauconite  beds ; 
all,  except  a  few  thin  beds  with  marine  shells,  containing  very  little 
lime  and,  by  comparison  with  the  preceding  group,  very  few  fossils. 
These  rocks  are  mostly  hard  and  resistant  and  form  some  of  the  highest 
and  most  rugged  hills  in  the  southern  part  of  the  State.  To  this  series 
of  rocks  Professor  Tuomey^  has  given  the  name  Bukrstone,  and  has 
pointed  out  their  identity  with  the  Buhrstone  rocks  of  South  Carolina 
and  Georgia. 

Prof.  E.  W.  Hilgard*  placed  these  two  together  under  the  head  of  the 
Claiborne  group,  distiuguishing  the  upper  and  lower  divisions  as  the 
Calcareous  and  the  Silicious  Claiborne  strata,  respectively.  From  the 
section  given  in  Hilgard's  Keport,^  it  seems  that  the  middle  part  of  what 
we  have  called  the  Claiborne  series,  containing  the  great  numbers  of 
OstreasellaformiHjaTe  the  beds  of  the  Calcareous  division,  best  developed 
in  that  State.    The  Silicious  Claiborne  or  Buhrstone  strata  are  found  in 

1  First  Bieii.  Rep.  Geol.  Ala.,  p.  150,  1850. 

'Rep.  on  Geol.  and  A^ric.  of  Mississippi,  pp.  lOd,  123,  and  126,  13(K). 

3 Rep.  on  Geol.  and  Agric.  of  Mississippi,  pp.  12€,  127, 1860. 
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great  thickiiess  io  Mississippi  and  preseut  practically  the  same  features 
as  in  Alabama.  The  rugged  BnUrstone  hills  of  ClaFke,  Liiiulerdale, 
'Ifewton,  Kemper,  Neshoba,  and  Lsiike  Goiiuties,  iu  Mississippi,  have 
tbeir  cotintt^rp^rls  iu  Choctaw,  Clarke,  aud  Monrue  Conuties  iu  Ala- 
'bama. 

The  fosBiliferons  greeusands  mentioned  by  Professor  Hil{;ard,'  in  con- 
nectiou  witii  the  Silicioua  Claiborne,  were  afterwards  (1871)  traced  by 
'the  writer  from  Marion,  iu  Mississippi,  across  the  Stat«  to  the  Missis- 
iBippi  bcittora  in  Holmes  and  Carroll  Counties. 

t  Ae  already  indicated  above  in  our  tabular  preseutatioo,  we  adopt 
iiere  Professor  Tuomey's  division  of  these  strata  into  Glaiborue  aud 
Sabrstone. 

The  lithological  aud  other  characters  of  the  Claiborne  beds  have  been 
stated  above  in  the  most  general  terms.  A  fevr  additional  dt;tails  will 
^suffice  to  give  a  fair  conception  of  the  general  features  of  the  Claiborue 
!A)rinatioir.  Neer  the  top  of  the  series  we  find  a  bed  varying  from 
15  to  17  feet  in  thickness,  whieb,  at  Claiborne,  Giosjtort,  Kattlesuake 
iBluQ',  and  Baker's  Bluff,  is  a  reddish  yellow,  ferruginous  sand,  literally 
gpacked  with  the  most  beautifully  preserved  fossils.  In  niauy  parts 
oS  Clarke  and  Monroe  Counties,  where  this  bed  bas  under^ioue  less 
lehauge  from  exposure  to  the  atmospheric  agencies,  these  sands  are 
imixetl  with  a  very  considerable  proportion  of  glauconite,  and  the  color 
is  a  very  decided  dark  green,  instead  of  retldish  yellow.  This  bed  we 
have  called  the  Claiborne  Fossiliferous  Sand.  Below  it  arc  some  CO 
feet  of  calcareous  clays  and  calcareous  sands,  the  former  making  the 
upper  25  feet,  characterized  by  a  bluish  color,  shading  into  light  gray 
below.  The  calcareous  sands  make  np  the  lower  3J  feet,  and  they  are 
of  a  light  yellowish  color.  The  whole  of  this  tiU  feet  of  strata,  except 
perhaps  some  10  feet  of  blue  clay  near  the  toji,  is  distinguished  from 
all  the  other  beds  of  the  Claiborue  formation  by  the  great  numbers  of 
shells  of  (htrea  seUaJonnis  Con.  which  it  holds.  These  shells  are  found 
more  abundantly  in  the  hard,  sandy  ledges  which  occur  at  intervals  of 
a  few  feet  through  the  whole  thickness  of  these  beds.  This  part  of  the 
Claiborne  formation,  contrary  to  the  experience  of  Professor  AVinchell,- 
we  liiiii  to  bo  the  must  widely  distributed  of  any.  We  liiiveideutilieil  it 
within  two  miles  of  Xicholson's  Store  iu  Choctaw  County  ;  at  several  lo- 
calities on  Souilpa  Creek,  iu  the  same  county;  at  Cofieeville;  near  Old 
Clarkesville ;  on  Stave  Creek ;  and  near  Lisbon  LaTnling,  in  Clarke 
County;  at  Claiborne;  uear  Monroeville ;  and  at  several  places  on 
Limestone  Creek,  in  eastern  Monroe  County.  It  is  described  by  I'ro^ 
fessor  Hilgard*  as  oceurriug  on  Falling  Creek,  near  Quitman,  and  on 
Snanlovey  Creek,  west  of  Enterprise,  in  Clarke  County,  in  Mississippi, 
and  it  has  been  observed  by  Mr,  Joluisoii  in  Walitnbba  Cut,  5  miles 
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southwest  of  Eaterprise,  Miss.  We  have  riot  yet  followed  it  further  east 
thau  Evergreen,  Gouecuh  County,  though  we  have  goo  d  reason  for  be- 
lieving that  It  occurs  near  Elba,  in  Coffee  County,  and  probably  still 
further  eastward.  Below  these  Ostrea  aellccformis  beds  we  find  at  Clai- 
borne and  at  Lisbon  some  50  feet  or  more  of  sandy  and  clayey  beds,  in 
many  cases  strongly  glauconitic,  and  holding  a  great  number  as  well 
as  a  great  variety  of  well  preserved  fossils. 

Such  are  a  few  of  the  most  obvious  characters  of  the  beds  which  we 
here  wish  to  include  in  our  Claiborne  formation.  The  precise  details  of 
the  structure  and  composition  of  these  beds  in.iy  be  gathered  from  the 
sections  which  follow. 

The  rocks  of  the  Claiborne  formation  proper  occur  at  Claiborne,  Gtos- 
port,  and  Eattlesnake  Bluff,  on  the  Alabama  River,  and  at  many  other 
localities  in  that  vicinity.  They  also  occur  on  the  Tombigbee  River  at 
Baker's  Bluff  (a  short  distance  north  of  Saint  Stephens)  at  Coffeeville 
and  at  very  many  points  away  from  the  rivers  in  Monroe,  Clarke,  Wash-, 
ington,  and  Choctaw  Counties.  We  are  at  this  time  concerned  only  with 
the  occurrences  along  the  two  rivers. 

(a)  The  bluff  at  Claiborne  affords  one  of  the  best  exposures  of  the 
rocks  of  the  Claiborne  formation,  as  well  as  of  part  of  the  overlying 
Jackson  strata,  and  we  have  therefore  been  at  considerable  pains  to 
get  a  correct  and  detailed  section  of  this  celebrated  bluff.  It  will  be 
understood  b}'  every  .field  geologist  that  no  two  observers  will  ever 
make  the  same  grouping  of  the  strata  in  a  detailed  section,  and  for  this 
reason  sections  of  the  same  bluff  by  different  observers  will  often  seem 
to  beat  variance  with  one  another.  The  same  bed,  moreover,  in  differ- 
ent parts  of  a  long  bluff  will  often  vary  considerably  in  thickness  and 
in  other  characteristics.  Thus,  along  the  road  leading  to  the  ferry  at 
Claiborne,  the  ferruginous  sands  are  less  thau  ten  feet  in  thickness  and 
are  overlaid  with  laminated  clays  holding  leaf  impressions,  but  these 
clays  thin  out  rapidly  going  down  the  river  and  disappear  altogether 
in  less  than  a  quarter  of  a  mile  from  the  ferry  road.  Our  section,  there- 
fore, does  not  profess  to  be  a  section  at  one  point  only  of  the  long  Clai- 
borne bluff,  but  we  have  examined  and  given  the  details  of  the  differ- 
ent beds  wherever  they  are  most  clearly  exposed,  from  below  the  lower 
landing  up  to  the  ferry,  x 

In  this  part  of  the  State  the  Alabama  Eiver  depression  exhibits  at 
least  two  well  defined  terraces ;  the  upper  one,  from  one  hundred  and 
seventy-five  to  two  hundred  feet  above  low  water  mark  ;  the  lower,  from 
•thirty  to  fifty  feet  above  the  same  mark.  The  upper  terrace  is  formed 
by  the  Tertiary  rocks,  which  are,  however,  covered  by  thirty  to  forty 
feet  of  the  sands  and  pebbles  and  loam  of  the  drift.  Upon  this  terrace, 
about  a  mile  wide,  the  town  of  Claiborne  stands.  The  second  or  lower 
terrace,  in  great  measure  above  overflow,  except  in  extremely  high  water, 
is  formed  of  ancient  river  deposits  to  which  the  name  "  second  bottom  ^ 
lias  been  given.    Opposite  Claiborne  the  second  bottom  is  some  three 
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miles  wide,  nud  tli(>  river  pursues  ilt)  wiiidiug  course  m  a  cliaiiuel  cut 
ioto  tLeso  second  bottom  deposits,  iuipiugiug  ttrsc  agaiust  oue  side  of 
thti  bonleriug  Tertiary  blutt'^,  wheuce  it  is  dedected  acrossHlie  wide  aec- 
end  bottom  to  strike  tlieu  tLe  opposite  bordiT.  At  Claiborne  the  river 
flows  at  tUe  base  of  the  soutlieru  Tertiary  boriltr  of  its  aucieat  plaiu; 
I  next  il  tui-us  across  tliis  plaiu  aud  strikes  tbtMiortlieru  Tertiary  bluS'ac 
tiosport;  it  is  tbeu  deflected  to  strike  the  siiiitlieni  itmrgiii  afruiu  at 
Battlesuake  Blutil'. 
TliO  feature  of  tlie  Olaiborue  bluff  ivhicU  first  attracts  tlie  eye  of  tlie 
(obser%'er  from  a  distauce  is  tlie  esisteuee  of  uearly  Iioiizoutul  parallel 
I'fitripes  or  bau'ts  wliicli  mark  tbe  limits  of  llie  diQ'ereut  materials  that 
'  make  up  tlio  bluff.  These  bands,  wbicU  are  pretty  well  broiigbt  out  in 
'-the  views,  are  marked  off  approximatoly  iu  tie  second  vertical  eoiumu 
of  Plate  XJII,  Fig.  3,  p.  147,  aud,  if  we  ueglect  tbe  miuor  details,  they 
may  bo  duscribed  as  follows : 

I  Section  o/  the  Clalbornt  Bluff,  Alabama  Hirer. 

.,  A  bod  of  very  vuriable  tliicknesa,  QOakiBting  of  Haod,  peblile^,  uuJ  red  loam,  irhioh 
forms  tllu  aiirfaoe^For  a  great  part  of  (lie  State.     Tlio  nvuragu  tliicknesa  of  this 

badaloiia  tbe  blulFiuay  lie  pat  at 35  to  10  feet. 

jti  A  baud  (if  WbLt«  LlmeatODC  coataiaiuij  glaaoooite  graiua,  forming  vertical  faces 

nsually  striped  by  tliia  projectiug  ledges .'. about  45  feet. 

L  A  band  slluffiog  two  very  distinct  parts,  viz,  an  upper  part,  &  bed  bolding  great 
nDmbEra  of  ScutcUa  LytiH,  3  fe«t  tlitok  ;  and  a  lower  part,  6  feet  tbick,  of  coarae, 
ferruginiiUH  sands  whiuh  are  iDdm'al«d  at  tliu  bn^e  aud  furni  a  very  mack^  pro- 
jectiug ledge Ofeet. 

4.  A  baud  of  very  iiiiiform  appeariiuce  of  rediliili  .vellow  or  butt'  color,  co  nsistiiig  of 

a  m.isa  uf  sbells  embedded  in  riid  sauil.  Tliis  i^  rlie  u<debi'ated  Claiborne  snud. 
It  weatliLTs  very  smoothly  and  is  lus.i  jirDjuttiug  ih.in  ilio  ledges  above  and  below 

5.  A  baud  of  liy;bt  gray,  cakareons  tl.iy  wiili   it  f,-iv  saiiily  stiipea  ;iiid  induriited 

ledges -J.-,  to  S^  feet- 
All  these  beds  make  up  the  nearly  vertical  part  of  tbe  bluff  uear  aud 
between  the  two  landings.  Below  these  to  the  river  level  the  slope  is 
almost  entirely  covered  by  tbe  loose  fragments  rolleil  down  from  above, 
so  tbat  tbe  underlying  stratified  rocks  are  discovered  only  where  these 
loose  iiiatorials  have  been  removed.  Between  tbe  upper  landing  aud 
the  ferry  these  lower  strata  of  tbe  bluff  are  more  clearly  exposed  to 
view. 

6.  A  baud  of  ligbt  yellowiali  gray,  calearenus  sand,  striped  ivit  h  a  number  uf  lianl 

ledges  of  siuiilar  sandy  material.  Tliis  biiud  is  a  vory  i.roniiiitnt  pail  of  I  be 
blulF,  but  is  in  many  places,  as  above  statvd.  lunoh  ob.-oiirrd  by  tlie  I'm^meiils  of 
theotlior  beds  wUicli  liiivo  rolled  donn  from  above oVhiui  ;r)feft. 

7.  A  band  of  dark,  bluish  green  color,  conHisiiiig  of  clayey  sauds  ami  rla}-s  piisaiiig 

downwards  iuro  a  [;reeiisaiid  bed  li  lorj  feet  Ibtek,  wbieli  appears,  however,  above 
watrt  only  above  (lie  upper  Jamliiig about  I'J  feet. 

The  upper  ])art  of  this  liand.  at  tbe  lower  landing,  appears  only  two  or 

three  feet  above  the  low  water  mark,  and  it  is  consequently  best  seen 

.fiirtUer  up  the  river.     Betweeu  the  two  landings  these  beds,  where  they 
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are  above  water,  are  geuerally  covered  with  debris.  The  second  of  the 
bands  above  named  is  the  lower  part  of  the  Zeaglodon  bearing  bed  of 
this  part  of  the  Stare,  which  has  generally  been  considered  as  of  Jack- 
son age.  The  third  band  is  also  probably  a  part  of  the  Jackson  lime- 
stone, but  we  are  not  snre  that  some  of  it,  especially  the  lower  five  or 
six  feet,  should  not  be  placed  ^itli  the  Claiborne  division.  At  any  rate 
the  line  between  the  Claiborne  and  the  Jackson  falls  somewhere  in 
this  band  (Plate  J,  p.  3,  and  Plate  III,  p.  29). 
Given  more  in  detail,  the  section  of  the  Claiborne  bluff  is  as  follows: 

Detailed  section  of  Claiborne  Bluff,  Alabama  Hiver,    {Plate  XIII,  Fig,  3,  j>.  147.) 

1.  Drift  deposits^  consistiDg  of  sand,  pebbles,  and  red  loam  of  variable  thick- 
ness  35  to  40  feet. 

2.  Argillaceoas,  white  limestone,  with  grains  of  glanconite,  very  few  fossils.. 45 feet. 

3.  Scutella  bed ;  light  colored,  calcareous  materials,  holding  great  numbers  of  Scutella 
Lyelli  Con 3  feet. 

4.  Coarse,  ferruginous  sand,  with  glauconite,  fossiliferons,  passing  below  into  more 
calcareous  material,*virhich  is  indurated  and  projects  from  face  of  bluff 6  feet. 

5.  Ferruginous  sand,  holding  vast  numbers  of  comminuted  as  well  as  well  preserved 
shells.  Near  the  center  of  this  there  are,  in  places,  thin  bands  of  lignite,  and 
along  the  ferry  road  the  upper  part  of  it  is  composed  of  laminated  gray  clays 
filled  with  leaf  impressions.  This  is  the  source  of  the  celebrated  Claiborne  fos- 
sils, and  we  shall  caU  it  the  Claiborne  Fossiliferons  $and.  In  many  parts  of  Mon- 
roe and  Clarke  Counties,  where  this  bed  is  more  protected,  the  material  in  which 
the  shells  are  embedded  is  seen  to  be  a  greensand,  while  at  the  Claiborne  bluff 
and  vicinity,  and  at  a  bluff  just  above  Saint  Stephens,  it  is  completely  oxidized 
into  a  red ,  ferruginous  sand.    Thickness  about  Claiborne 15  to  17  feet. 

6.  Bluish  green,  glauconitic,  sandy  marl,  with  Ostrea  selkB/ormis,  usually  somewhat 
indurated  above,  and  forming  a  hard  projecting  ledge 3  to  4  feet. 

7.  Calcareous  clay  or  clayey  marl,  of  gray  color  when  dry,  but  blue  when  wet.  It 
contains  a  few  badly  preserved  chalky  fossils.  Bulla  and  small  Turritellas. 
This  bed  becomes  sandier  below,  as  well  as  glauconitic  and  highly  fossiliferons, 

,  the  principal  shells  being  Oatrea  sellcpformis  and  a  few  Pectena,    The  clayey  and 
sandyparts,  together about  18  feet. 

8.  Light  gray,  calcareous  clay,  similar  to  the  upper  part  of  the  preceding  bed,  with 
hard  sandy  ledges  at  top  and  bottom « 7  feet. 

0.  Light  yellowish  gray,  calcareous  sands,  with  Oairea  aellce/ormia  and  Pectens;  the 
lower  half  indurated  and  fuU  of  the  molds  or  casts  of  univalve  shells 5  feet. 

10.  Light  yellowish  gray,  calcareous  sands  like  those  which  make  the  upper  half  of 
bed  No.  9.  This  bed  has  several  hard  projecting  ledges  of  the  same  sandy  ma- 
terial and  contains  a  number  of  fossils :  Ostrea  sellceformie,  fragments  of  Scutella 
Lyelli,  Scalpellum  Eocense  Myer,  Pecten  Deshayeaii  Lea,  &c.  The  sandy  parts  of 
this  bed  are  loose,  crumbling  easily  between  the  fingers.  There  are  thin  beds  of 
more  clayey  texture,  one  of  which,  about  the  center  of  the  stratum,  holds  a  num- 
ber of  irregularly  shaped,  concretionary  masses  of  clay.  Near  the  base  are  one  or 
two  indurated  ledges  of  glauconitic  sand  and  shells  of  Ostrea  eellfff or  mis.. 27  feet. 

11.  Layer  of  comminuted  shells  of  O^irea  selloBformis,  together  with  perfect  shells  of 
some  other  species  embedded  in  glauconite  or  greensand 3  feet. 

12.  Dark  bluish  black,  sandy  clay 2  feet. 

13.  Bluish  green,  c-lnyey  sands  with  few  fossils  in  the  upper  part,  but  becoming  more 
clayey  below  and  highly  fossiliferons;  Veneric4irdia  planicosta,  V,  rotunda,  Xucula 
fnagnifica,  Area  rhomboidella,  Ostrea  Sellceformin,  Voluta  Sayana,  Tarritella  lineata, 
T.  heWftra  Aldrich,  besides  species  of  Satica,  Corhula,  Cyihereay  Lucina,  &c. 
This  bed  averages  10  feet  or  more  in  thickness. 
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IJ,  Dark,  green,  sandy  mikri,  glaueoDitic  ;  grayish  above,  lituUh  beloir,     This  bed  fs 
I  HomatimeH  badly  n'onl.hered  Bad  of  laom  brownish  color.     It  holds  a  tminber  ol 

fbMils,  amoDjj  nbieb  the  most  noticeable  are  a  peciillat  small  form  of  rencrioordfa 
plaHicoila  Lain,  aail  large  Turrittllu  ilortoHi  Con.  This  bed,  which  is  tbe  lowest 
at  Claiborne,  may  be  seen  lietweea  the  u|)peT  laniling  and  the  ferry,  and  it^s  oi.- 
posDro  is  from  six  to  eight  fuet,  occonllag  t>o  the  etago  of  the  water. 

(b)  A  few  miles  above  Claiborue,  near  Lisbou  Landing,  we  find  the 
oootinuatioD  of  tbe  Claiborne  betU  down  to  tlio  top  of  the  Buhrstonet 
and  there  ia  no  doubt  as  to  the  geologic  horizon  of  the  Lisbon  section, 
sineo  the  two  lowermoat  beds  of  the  Claiborne  section  appear  at  the  top 
of  the  Lisbon  bluff,  tho  peculiar  association  of  the  shells  mnkiag  the 
ideutigcatiou  easy  and  certain.  In  the  following  full  section  at  Lisbon 
the  bracketed  numbers  show  the  relatious  of  the  Lisbon  beds  to  those  of 
Claiborne,  »s  indicated  in  Place  XIII. 

SecliOK  at  Lisbon  Iil«g,  Mabamn  IlU-tr. 

1.  Drift  ami  loam SO  feet. 

S.  [13]  Brown,  sandy  olays.  dlQioalt  to  dosoribo  more  closely,  aatliey  erebudly  weatli- 

ered  and  cuntaia  very  few  fiiMils ,•. ...10  feet. 

3.  [14]  Dark  brown,  sandy  clayi,  badly  weathered,  highly  fossil iferons,  containing 

I  the  same  sbella  as  bods  Nom.  13  aod  14  at  Claiborne,  viz,  the  peculiar  sniall 

I  variety  of  Fentricardia  ptanitcoita  Lam.,  large  TvrrileUa  MorloniCoji.,  Arcarho»- 

boidella  Lea,  Luciiia  oompretia  Lea,   AVchIa  niaipiifiea  Cou.,  TurrlMla  bellijerii 

^  (AldrichJ,  &c.     This  bed  becomes  more  naudy  below 8  to  12  feet. 

,    4.  [15]  Hard  pn^jecting  sandy  ledge , 8  indies. 

>'G.  [16]  Calcaceons,  clayey  sands,  liglit  yellow  when  wet,  nearly  white  when  drjr, 

glaocDoItio,  forming  sniuoth  vertical  blaff Gta8  fiMt, 

G.  [17]  Coarse  graiut'd,  sandy,  glaiicoiiilic  bed   with  torn  mi  nil  ted  eholla  and  tnaiiy 

Huely  preserved  shells  of  uncommon  occurrence 3  feet.. 

7.  [1^]  Light  yellow,  glauconitie  sand!!  cappeil  with  hiiril  [edge l.i  feet. 

a.  [19]  illiic,  glaiicunilio  sands,  probably  the  same  as  No.  7  above,  but  less  completely 

osidizeil,  lowest  of  Claiborne  str.ita 5  feci. 

0.  Bluish  black  clay,  S  I'eet  actually  seen,  below  which,  to  the  water,  5  fcpt,  all  iLo 
strata  arc  covered  by  fragments  of  the  co u ere ti unary  saudstono  di;.tcribe<l  below. 
In  the  clay  iiututfdiately  below  the  ghiucouitic  sands,  No.  8,  concre. 
tiouary  masses  are  formed,  which  reseuible  a  tangled  mass  of  roots  or 
branches,  eTcposei)  in  high  relief  upon  a  plate  or  block  of  sandstoui'. 
These  root-like  concretions  lie  strewn  upon  the  lower  strata  of  the  bliilV:* 
abont  Lisbon,  and  seem  to  be  somewhat  charactufistic  of  this  jiarticn- 
lar  horizon,  which  wc  place  at  the  very  summit  of  tliu  Buhrstoiie  divis- 
ion, ti.e  Claiborne  proper  extending  to  and  including  So.  ri  [I!>]  of  the 
above  section. 

The  combined  sections  of  the  Claiborne  BIuO'  and  the  Lisbon  Bluff 
show  the  wliole  of  the  Claiborne  formation,  which,  according  to  onr 
division,  citends  from  the  White  Limestone  down  lo  tlie  top  of  the 
Bnhrstonc  and  includes  about  14U  feet  ol'  strata,  of  which  lOU  are  to  be 
seeu  in  place  at  Claiborue,  while  the  rest  may  be  seen  a  few  miles  above 
Claiborne  at  Lisbon. 

The  fossiliferous  sands  {No.  5  of  Claiborne  section)  have  furnished 

the  greater  part  of  the  beautiful  Claiborne  shells.     The  uppermost  five 
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or  six  feet  of  this  bed  are  made  up  chiefly  of  the  shells  of  Cytkerea 
cequorea  Con.,  Pectunculus  Broderipii  Lea,  and  Crassatella  alia  Con., 
00  per  cent,  of  the  shells  belonging  to  the  first  named  species.  The  two 
feet  next  below  contain  not  only  many  of  the  Cythereas  but  great  • 
numbers  of  other  shells  also,  the  most  prominent  of  which  are  Turritella 
lineata  Lea,  Rostellaria  velata  Con.,  Crepidula  lirata  Con.,  Turhinella 
pyruloidcs  Con.,  Valuta  Defranckii  Lea,  Monoceros  armigerus  Con.,  Melon- 
gena  alveata  Con.,  Ancillaria  suhglobosa  Con.,  &c.^ 

The  strata  below  the  Claiborne  sands  are  much  less  fossiliferous  and 
more  santly,  Oatrea  sellceformis  beiug  by  far  the  most  abundant  shell 
down  to  the  black  clay  stratum  near  the  base  of  the  bluff.  The  green- 
sand  beds  at  the  base  of  the  Claiborne  bluff  and  at  the  top  of  the  Lis- 
bon bluff  contain  many  of  the  rarer  forms.  The  marl  bed  No.  G  of  the 
Lisbon  section  promises  to  yield  a  rich  harvest  of  novelties. 

The  collocated  sections  on  Plate  XIII  f^ive  the  details  of  the  preced- 
ing drawn  to  scale.  For  the  sake  of  comparison  we  give  on  the  same 
sheet  the  sections  of  Professor  Tuoiney^  and  of  C.  S.  Hale.'  Hale's  No.  3 
corresponds  with  our  Nos.  14  and  15.  His  No.  4  and  Tuomey's  bed  h 
are  represented  by  our  Nos.  12  and  13  and  part  perhaps  of  11.  Hale's 
beds  5  and  G  and  Tuomey's  c  are  our  numbers  G  to  11,  ia^lnsive.  The 
correspondence  of  the  rest  of  the  sections  is  easily  seen. 

Some  of  the  more  important  exposures  of  the  Claiborne  beds  elsewhere 
are  the  following : 

(e)  A  few  miles  below  Claiborne,  at  Gosport  landing,  there  is  substan- 
tially the  same  section  as  that  at  Claiborne. 

{d)  At  Eattlesnake  Bluff,  below  Gosport,  there  is  the  following  sec- 
tion (see  Plate  XII,  Fig.  4,  p.  143): 

Section  at  Eattlesnake  Bluffs  Alabama  Biver. 

1.  Ferraginous  sands,  becoming  more  calcareoas  below  and  terminating  with  a  hard 

ledge 6  feet. 

2.  Claiborne  fossiliferous  sands 10  to  12  feet. 

3.  Calcareous  clay  or  hard  clay  marl,  with  an  indurated  ledge  in  the  middle 6  feet. 

4.  Cflay  marl,  with   Oatrea  aellofformia,  with  four  or  five  hard,  projecting  ledges, 
.   about 10  feet. 

5.  Qreensand,  indurated  at  top  but  softer  below,  exteudiug  down  to  the  water, 

about 2  feet. 

(e)  On  the  Tombigbee  River,  half  a  mile  above  Saint  Stephens,  there 
is  a  good  exposure  of  the  Claiborne  sands,  with  some  10  to  12  feet  of  the 
next*underlying  beds,  already  given  above  in  a  section  illustrating  the 
White  Limestone.    (See  Plate  XII,  Fig.  3,  p.  143.) 

^  Aware  of  the  face  that  mo.st  of  these  shells  have  synonyms,  we  have  in  most  cases 
given  our  authority  for  the  names  used  by  us,  leaving  the  question  of  priority  to  be 
decided  hereafter. 

aPirst  Bien.  Rep.  Geol.  Ala.,  p.  153,  1850. 

•(Jeologvof  South  Alabama,  Am.  Jour.  Sci.,  *Jd  scr.,  Vol.  VI,  p.  354,  Nov.,  1848. 
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(/)  Still  farther  up  tUe  rivor,  at  Coffeerille  laudiug,  the  Oatrea  sel- 
laformis  beds  of  the  Claiborne  profile  form  the  river  bluff,  as  may  be 
seen  from  the  following: 

Scctioa  atCoffeemlle  LanMog,  TomVtgbet  Eirer.    {Ptatt  XIU,  lig.  A,  p.  147.) 

1,  Liglit  joIlowiGli  bsuiIb,  with  Otirta  idlaifvnniii,  partly  indurated,  farming  «uidy 

leilgo a  feet. 

2.  Looae,  yellonisli,  calcnreniis  snuds,  with  Otlrea  tUafomii,  inilnrated,  saatly  l«dge 

at  base  6fMt 

'A.  tx)(Ntt<,  yeUonriali  gnif,  caJcoreoas  Bambi,  higtily  fowUiferons,  eBpeciall;  in  Itneer 

port;  Oalrtn  lellv/ormit  the  principal  form;  Mparstwl  from  uosl  bed  l>y  suidj 

Iwlge 10  feet. 

4.  Blalsh,  sandy  clay  or  clnycy  anail,  with  0»tm  tellf/ormit  and  a  flnlicllum ;  in  two 

pATta,  Bcparat«d  by  u  bard  ledgi!,  ttio  upper  piirt  8  fe«t,  the  loner  R  or  4  f«et. 

in  all 12  feet. 

&,  A  lied  of  |>1aiicanltics  sand  filled  trith  itbell  fragtnenla  aud  peifuct  shells  :  fhlrva 

*itlrfiiraiit  Con.,  CratiattUa  a!ta  Cou.,  a  flubelliuu,  renerivardia  roltntda  Lea,  Cm' 

hula  JfirdtisoK)  Lea,  Peeltn  Deiliase»il  Lea,  Arta  rAomfroidrlfa  Lea,  A'uCHld  mag- 

nij<c(iCuQ.,£c '. 3  toSfiMt. 

6.   Ditrk   lilulsh    clay  a,   uearly    black,   noQ-fossitifeniaa,    break!  ug    intn    caboiilal 

blocsks 2f(»l. 

}.  Dark  grenuiah,  clayey  sand, like  that  ne.ir  the  base  of  the  Claiborne  Bluff,  atraul 

5  feet  Hhovring  itbovn  the  water. 
The iiecorapunying  view  of  Coffeeville  LandiDg(P]ate  I\")  sliowawell 
the  {general  character  of  the  lower  Olaiborue  l>eii8.  The  lowest  wnod  piles 
rest  upon  the  black  clayii,  So.  G,  equivaleut  to  Ko,  13  of  the  Claiborne 
Bluff  section.  The  main  fossil  bearing  bed,  No.  5,  is  immediately  over 
this,  between  it  aud  the  iirat  (lowest)  of  the  projecting  ledges  seen  in 
the  plate. 

[lale  states'  that  his  bed  No.  4  oeciira  also  at  CoU'eevilli'  wiili  thi- 
same  fosailiferous  characters,  and  a  coQi|)arisoii  of  the  Clailiorne  IJIiill' 
section  with  the  above  shows  very  clearly  the  correspondence  nf  tlif 
two.  The  bed  Xo.  o  above  is  identical  with  No,  11  atClaiboiiie,  except 
that  it  holds  CraumteUti  «((«■  and  a  few  forms  wbicti  we  have  not  si-en  at 
tbe  same  horizon  at  Claiborne ;  but  the  underlying  bliicl:  cl;i,v  (No  *'•)  is 
(.■(piivalent  to  No.  lii,  and  the  overlying  binish  and  yellowisli,  IWssit- 
ifcrous  sands  (Xos,  1—1)  are  iilentical  with  Nos.  tl  and  10  of  onr  <.'lai- 
borne  Blnff  section.  These  relations  are  shown  in  the  sections,  Plates 
XII  aud  XIII. 

There  are  no  other  exposures  of  the  Claiborne  beds  along  the  two  liv- 
ers, bnt  in  Wasiiingtou,  Clarlie.  and  Monroe  Counties  we  have  recently 
(summer  of  lSSr>)  vi.sited  a  number  of  htcalities  where  the  Claiborne 
beds  are  to  he  seen  often  in  contact  with  tlie  oveilying  White  Limestone. 
{<j)  Thus,  north  of  Bladen  Springs,  on  descending  the  hill    towards 
Souiipa Creek,  yellowish  samls.  with  <).ttrca  selh'fonnis,  the  counterpart 
of  our  Xos.  9  and  10,  are  passed  over  along  tbe  road,  while  above  tbetn. 
near  tbe  topof  thebi!l,is  a  fossiliferona  bed  holding  forms  common  both  to 
the  ClailMjrne  sands  ami  to  tlie  marls  at  the  base  of  the  Claiborne  Bhiff. 
'Am.  Jour.  Sci..  dd  -er.  Vol.  VI.  Nov.,  1848. 
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{h)  At  tho  BarrytoQ  mill  on  Oaktappali  Creek,  three  miles  northeast 
of  the  village  of  Barry  ton,  there  is  a  bed  of  greensand  filled  with  broken 
and  perfect  shells  of  Ostrea  sellceformiSj  identical  with  Ko.  11  of  our  Clai- 
borne Blaff  section,  and  above  it,  as  at  Claiborne,  a  series  of  bluish  and 
yellowish  sands,  with  Ostrea  sellceformis. 

(t)  About  two  miles  northward  from  this  mill  the  Claiborne  fossilif- 
erous  sands  occur,  and  at  Womack's  Ilili,  still  farther  northward,  the 
White  Limestone  caps  the  hill. 

(j)  The  yellow  sands,  with  Ostrea  sellwfonnis,  are  also  seen  at  a  mill  on 
the  headwaters  of  Oaktuppah  Creek,  in  the  western  part  of  Choctaw 
County,  Sec.  8,  T.  11  N.,  E.  4  W.,  and  again  within  two  miles  of 
Kicholson's  Store,  on  Billy's  Creek,  where  they  are  exposed  at  the  base 
of  a  hill  capped  with  the  White  Limestone. 

(k)  Thirteen  miles  west  of  Bladen  Springs,  D.  W.  Langdon,  jr.,  of  the 
Geological  Survey"  of  Alabama,  saw  in  1884  an  outcrop  of  greenish, 
argillaceous  sand,  weathering  red  and  containing  a  number  of  shells 
peculiar  to  the  Claiborne  sands,  such  as  Crepidula  lirata^  Corbula  Ala- 
bamensis  Lea,  and  others  commonly  found  in  the  Claiborne  sand  but  noc 
peculiar  to  it    This  bed  also  was  beneath  the  White  Limestone. 

({)  In  the  northern  part  of  Washington  County  I  saw,  in  1882,  an  out- 
crop of  marl  containing  Turritella  Mortoni  Con.,  Ostrea  sellceformis  Con., 
Voluta  Sayana  Con.,  &c.,  on  Dry  Creek,  Sec.  6,  T.  8,  E.  2  W. 

(m)  In  Clarke  County,  near  the  site  of  Old  Clarkesville,  in  Sec.  23,  T. 
'9  N.,  B.  2  E.,  there  is  seen  in  the  bed  of  a  branch  a  greensand  contain- 
ing all  the  peculiar  shells  of  the  Claiborne  fossiliferous  sands,  aad  on 
the  hills  above  White  Limestone  containing  bones  of  Zeuglodon. 

(n)  In  Sec.  18,  T.  9  N.,  E.  3  E.,  the  same  beds  occur,  and  in  the  same 
relations  to  the  White  Limestone. 

(o)  On  Stave  Creek,  in  Sees.  8  and  9  of  T.  7  N.,  E.  2  E.,  and  in  other 
localities  in  the  immediate  vicinity,  the  Claiborne  sands,  with  all  their 
easily  recognizable  and  unmistakable  shells,  are  at  the  water  level  in 
the  creek  banks,  while  the  White  Limestone  outcrops  on  the  biilsides 
hard  by,  with  orbitoidal  limestone  on  the  summits. 

{p)  D.  W.  Langdon,  in  1884,  observed  the  Claiborne  sands  also  nine 
and  a  half  miles  south  of  west  of  Grove  llill  and  fifteen  miles  east  of 
Coffeeville,  in  both  cases  underlying  the  White  Limestone.  The  locality 
on  Stave  Creek  was  visited  by  Prof.  A.  Winchell*  and  the  localities 
near  old  Clarkesville  were  seen  by  Professor  Tuomey*  and  by  Professor 
Winchell^  also. 

(q)  In  Monroe  County  the  yellow  sands,  with  Ostrea  sellcBformiSj  occur 
in  sections  25  and  31  of  T.  7  X.,  E.  8  E.,  and  in  sections  19  and  30  of  T. 
7  N.,  E.  9  E.,  partly  on  the  land  of  Mr.  T.  A.  Eumbly. 

« Proc.  Am.  Anaoc.  Adv.  Sci.,  Vol.  X,  Part  II,  pp.  84,  85,  1856. 

>  First  Bien.  Rep.  Geol.  Alabama,  p.  149. 

sProo.  Am.  Assoc.  Adv.  Sci.,  Vol.  X,  Part  II,  p.  86,  1856. 
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(r)  lu  Sec.  2,  T.  7  N.,  R.  7  E.,  occur  the  yellow  sauila,  with  OHrea 
selhE/ormis,  as  at  Eambly's,  and  iii  Sec.  12,  T,  7  N.,  H,  7  li.,  tho  Claiborne 
greeusaiid,  with  all  the  uharacteristio  shells,  occurs  iu  the  brancbea  of 
the  creeks,  while  tlio  White  Limestone  occupies  the  aummita  of  tlie  bills. 

Onrobservatioii.'^  earruct  astatomcnt  of  Profes'^orWinehell'  that  the 
calo^ireoaa  beds  underlying  tbo  Glaibonie  8:iiidd  are  tiot  soeu  else- 
where. These  beds  are  uow  kuowa  to  occur  from  the  western  part  of 
Choctaw  ta  the  Sepiilga  Itivor,  iu  Ooiiocah  Oonaty,  aad  probably  still 
farther  eastward,' 

Other  occurrencca  of  the  Claiborne  beds,  observed  iu  ISSO,  will  be 
fuuud  described  below  iu  the  chapter  on  undulations  &c. 
§3.   TaS  BUnSSTOSE. 

The  fusHils  of  this  subdivision,  as  has  already  been  suggustod  byDt. 
Hilgard,  do  not  iijiiiear  to  diffcf  essentially  from  those  of  the  calcare- 
ous Claiborne  strata  above  described,  yet  the  lithologicnl  character  is 
so  entirely  different  as  fully  to  justify  the  division  here  made. 

The  rocks  of  the  Dnhrstone  forination  iu  Alabama,  as  well  as  in 
Mifisissijijii,  consist  of  aluminous  and  silicious  miiterials,  partly  glau- 
conitic,  and  in  places  interstratittcil  with  thin  beds  of  greenaand.  Tlio 
chief  varieties  of  these  rocks,  in  the  order  of  their  relative  abundance, 
are  the  following : 

1.  Gray,  alumitious  sandstoDe,  often  gUuconitla,  with  nufnurons  galls  or  ooaon- 
lioua  of  poro  whitish  cb  j  and  traversed  throoghoat  with  stroaka  of  yellowish,  by- 
druted  cJSLido  of  iron.  Iu  lliis  rocli:  ore  occ.isionally  foiiwl  impressioiiB  of  shells,  tti 
the  upper  pari  of  the  formation,  upon  the  BDrfacea  of  thia  aaudstoae  irre^Dlorly 
hranchiug,  cyliudrical  elevations  of  slightly  hanlcr  texture,  but  appari'utly  of  simi- 
lar vompositiun,  are  HOniutiuicaseeii.  These  ridgca  have  iu  aoiuo  caaca  tliii  appearaacu 
of  boiuj{  ui'^'auic  reniaina  (fiicuidiil ),  but  are  more  probably  coucretiimiiry.  These  aru 
beat  SMH  at  Linbou  Laudiug  on  tbo  Alabama  Itivor,  and  nc.tt  of  Qladeu  Spriugs,  iu 
Clii)ctan'  County,  nud  at  other  points  along  the  aouthei'u  liuo  of  this  forniation, 

3.  Indurated,  white  cl.tyi  fonniag  a  rock,  which  i^,  liowever,  ijuite  light  and  easily 
broken.  This  indurated  elay  baa  juint  planea  approximately  at  right  anglea  to  nni' 
another,  the  planea  of  separation  being  moatly  stained  red  or  yellow  with  hydratfil 
futric  uside.  Fragments  of  this  claystouo  worn  into  rounded  pebbles  are  of  eommou 
occurrence  iu  must  of  the  crceUs  and  branches  llowjng  through  the  UuhrstODe  hills, 
both  ill  Alabama  and  in  Mlssiasippl.     Tho  elayatonea  are  often  ailiciuus. 

3.  Hard,  coarse  grained,  glauconitic  sandstone. 

4.  Hard,  yclloniah,8ilicioua,  or  alumiuuuasaudKtoni',  atreakcd  with  a  darker  ahado 
of  yellow. 

5.  A  white,  silicious  rock,  almost  a  iinartzite,  varied  by  spots  of  leaden  gray  color, 
Thia  rock  has  often  furiiiaheil  tlie  material  fur  ludiau  lance  and  arrow  hoada.  It  oC' 
curs  near  the  base  of  the  series,  a3.iociatcd  with  a  bard,  silicious  sandstone. 

The  prevailing  color  of  the  rocks  of  this  formation  is  light  gray,  often 
nearly  white,  and,  on  account  of  their  hardness  ami  resistance  to  decay- 

'  Proc.  Am.  Aaaoc.  Adv.  Sci.,  Vol.  X,  I'art  II,  page  tfO,  ISjli. 

1  D.  W.  Laugdou,  jr.,  has  also  traced  these  sandy  Oalrea  letla/oTmU  beds  inte 
Mississippi,  aa  far  as  Suaulovey  Creek,  near  GarlandaviUe,  iu  Newton  County,  a  lo- 
cality already  recorded  by  Dr.  Hilgard.  See  paper  "On  the  Tertiariesof  Misaisaippi 
and  Alabama,"  iu  Am.  Jour.  Sci.,  3d  ser..  Vol.  XXXI,  Mar.,  1886.  See,  also,  pp.  35- 
33  and  foot-notes. 
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the  country  which  they  make  is  very  broken  and  rugged.  The  high  and 
often  precipitous  hills  of  the  Buhrstone  are  usually  called  mountains  in 
Clarke,  Monroe,  and  Choctaw  Counties,  in  this  State,  and  in  northeast- 
ern Clarke,  Lauderdale,  Newton,  and  Neshoba  Counties,  in  Mississippi. 
The  soil,  where  it  is  derived  from  these  rocks,  is,  of  course,  poor,  and 
mostly  timbered  with  lonj  leaf  pine,  and  the  country  is  generally  very 
sparsely  settled. 

It  is  impossible  as  yet  to  give  with  absolute  certainty  the  thickness 
of  this  division  of  the  Tertiary.  During  the  summer  of  1885, 1  meas- 
ured with  the  aneroid  barometer  at  one  locality,  near  McCarthy's  Ferry^ 
in  Choctaw  County,  270  feet  of  Buhrstone  rocks,  and,  as  this  section  did 
not  include  the  uppermost  beds  of  the  formation,  we  are  safe  in  placing 
300  feet  as  the  minimum  thickness.  I  am  strongly  inclined  to  the  opin- 
ion that  the  real  thickness,  in  some  cases,  will  rise  to  400  feet.  In  the 
section  we  give  the  lower  limit,  300  feet. 

In  general,  the  uppermost  beds  (fifteen  to  twenty  feet)  are  composed 
of  joint  clays,  which,  when  indurated,  form  tolerably  firm  rocks.  Near 
the  base  of  the  formation  similar  clays  or  claystones  are  usually  seen. 
In  many  places,  there  is  a  bed  several  feet  in  thickness  of  a  hard,  sili- 
cious,  or  flinty  sandstone,  almost  a  quartzLte,  just  at  the  base  of  the 
Buhrstone.  I  have  noticed  this  rock  a  few  miles  north  of  Bladen 
Springs,  also  near  McCarthy's  Ferry,  and  south  of  Pushmataha,  in  Choc- 
taw County.  In  Choctaw  and  Clarke  Counties  it  is  not  unusual  to  find 
spear  or  arrow  heads  made  of  this  material,  which  is  easily  recognized. 
Tha  great  bulk  of  the  Buhrstone,  as  already  said  above,  consists  of 
aluminous  sandstones. 

Inasmuch  as  we  have  not  3^et  been  able  to  point  out  any  characteris- 
tic distinction,  based  upon  organic  remains,  between  the  Buhrstone  and 
the  Lignitic,  we  have  thought  it  best  to  draw  the  line  between  them 
upon  lithologic  grounds,  and  our  justification  in  this  course  is  found  in 
the  following  considerations :  In  the  strata  which  we  have  called  Lig- 
nitic, the  material,  as  compared  with  that  of  the  Buhrstone,  is  more 
sandy  and  calcareous  and  at  the  same  time  more  fossiliferous.  The  shells 
in  many  cases  are  decayed  and  the  calcareous  matter  of  the  same  often 
appears  to  have  been  leached  out  and  diffused  through  the  surrounding 
sands,  occasionally  cementing  them  together  and  forming  calcareous 
sandstone.  These  sandstone  beds  always  show  a  tendency  to  weather 
into  rounded,  Ix^wlder-like  masses,  which  project  from  the  faces  of  the 
blntb  or,  broken  off,  roll  down,  forming  a  talus.  When  broken  open, 
these  bowlders  usually  show  a  nucleus  of  thoroughly  decayed  shells  or 
of  ferruginous,  lignitic  matter. 

A  ledge  of  calcareous  sandstone  of  this  kind  is  found  about  twenty 
or  thirty  feet  below  the  lowermost  of  the  aluminous  rocks,  which  we  con- 
sider as  characteristic  of  the  Buhrstone,  and  similar  calcareous  sand- 
stones weathering  into  bowlders  occur  at  intervals  throughout  the  un- 
derlying lignitic  strata. 
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Tbc  uliiininous  rocks  we  assign  to  the  Bahrstone,  while  tbo  saaily 
rocks,  with  tUo  ititorealat«l  beds  of -calcai-eona  matter,  we  place  with  the 
Liguitic. 

This  division  based  uiian  lithologic  characters  can  be  coDaisteiitlj 
carried  out  iu  AlabaiDa,  at  least  in  tlio  region  coHtigiioiis  to  the  tvvu 
rivers,  since  the  mduratfcdchi.v.sniiil  aluminous  sandstones  of  tlie  Bubr- 
stone  are  in  geuonil  e.~.sily  distingiiislicd  from  any  of  the  other  strata 
of  the  Tertiary  formation,  Koncof  thehedsof  the  underlying  Ligaitic 
liavo  even  a  remote  resemblance  to  tlie  Bnbrstonc  rocks,  except  certain 
iudnratetl  clays  which  overlie  thu  Oi-j/phica  Uiirsw  beds  in  the  Grampian 
Hills  of  Wilcox  County  and  their  prolongation  into  Butler  County. 
Even  in  this  ciise  tho  distinelion  between  the  two  can  readily  bo  dis- 
covered, as  the  indurated  clays  of  tlie  Lignitic  arc,  in  some  of  the  beds, 
fjoitu  full  of  shell  casts,  principally  TurriteUaa  and  Cytbereas,  and  the 
material  itself,  upon  close  psnmination,  does  not  so  strongly  resemble 
the  Buhrstone  as  upon  first  sight  appears.  Then  the  circumstances 
that  these  lignitiu  claystones  lie  over  30(1  feet  below  the  fiulirstoue,  are 
by  no  meiMis  so  thick,  and  are  in  most,  if  not  all,  cases  iu  immediate 
conflict  with  the  Qrypheea  thirsm  beds  greatly  diminish  the  chance  of 
any  confusion  between  the  two  series. 

On  the  Alabama  River  the  uppermost  of  the  Bnhrstone  beds  are  well 
exposed  ail  Lisbon  Landing,  and  tbi3<lowerinust,  a  short  distance  above 
fiamiltoa's,  whence  they  extend  across  Clarke  County  westward  or 
northwestward  to  While  ISInfl' iunl  MeOarthy's  Ferry  and  thence  in  ii 
northwesterly  direction  across  Choctaw  County,  just  south  of  Butler. 
On  the  eastern  side  of  the  Alabama  Kiver  thoy  appear  in  the  hills  south 
of  Bell'.s  Landin;^,  and  aeross  .Monroe  County  north  of  Kcinpsville  and 
south  of  Turn  bull,  turning  a  Jiltle  to  the  northward  in  the  eastern  part 
of  the  county.  To  the  eastward  they  uiay  be  seen  again  near  Ozark,  iu 
Dale  County,  and  near  Abbeville,  Jn  Henry  County. 

In  general  we  have  not  attempted  in  the  following  sections  to  give 
Iho  exact  sequence  of  tlie  ditlerent  materials  wliich  form  the  Buhrstone 
beds.  In  most  cases  they  are  mei-ely  alternacions  of  indurated  clays, 
with  aluminous  sandstones  of  varying  degrees  of  hardness.  While  in 
the  extremes  of  pnre  clay  and  alnio.st  pnre  cpiai'tz  the  nniterials  of  this 
formation  differ  widely,  the  foruiation  as  a  whole  leaves  upon  the  mind 
of  the  observer  a  lively  impression  of  the  uniformity  iu  the  lithological 
structure  and  general  api)uaranee  of  its  con.stttuent  strata. 

Although  the  best  natural  sections  of  the  IJiilnstone  are  perhaps  to 
be  found  in  the  hills  away  from  the  riverj,  we  shall  here  describe  only 
the  exposures  ah)ng  the  banks  or  iu  the  irumediatc  vicinity  of  the  two 
water  courses.    The  sections  on  the  Alabama  Kiver  are  as  follows : 
(a)  ScrliortalUHhon   r.iin<ii.>i!.  .Ilabamn  r,<er.     (/'/,«,■  AVf",  Fij.l.ji.  Ijl.) 

1.  y..|lcnvis1i,  Hiiiidj-iiiiirl.  ImvriiuaHl.  of  lli.>  (JUiiboriii'  I.imIs 20  feet . 

2.  Bluish  Wack  clay,  iu:issivc,j.iiiitocl  or  lirwiliiii, 

Ijut  to  tho  water's  eilgo 
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Immediately  beneath  tbe  sands  whicb  form  the  lowermost  beds  of  the 
Claiborne  formation  in  this  section  concretions  are  formed  which  resem- 
ble a  mass  of  tangled  and  matted  roots.  Blocks  of  sandstone  with  these 
concretions  cover  all  the  lower  part  of  the  section  at  Lisbon  and  they 
seem  to  be  more  or  less  characteristic  of  the  uppermost  beds  of  the 
Bnhrstone. 

(b)  At  Hamilton's  Landing,  6  miles  above  Lisbon,  is  an  exposure  of 
75  to  80  feet  of  light  colored,  indurated  clays  or  clayey  sandstones  with 
two  or  three  indurated,  projecting  ledges,  all  characteristic  Buhrstone 
rocks.    (See  Plate  XIV,  Fig.  2,  p.  151.) 

The  positions  of  the  outcrops  of  the  Buhrstone  rocks  on  the  Tom- 
bigbee  Biver  present  apparent  anomalies  which,  at  the  time  of  our 
visit  in  1883,  we  could  not  explain.  The  later  observations,  however, 
made  by  myself  in  1885  have  cleared  up  many  of  the  obscurities,  and  the 
structure  of  the  two  counties  of  Clarke  and  Choctaw  in  its  main  features 
is  pretty  definitely  made  out.  This  will  be  set  forth  in  detail  in  a  forth- 
coming report  of  the  Geological  Survej'  of  Alabama,  while  at  this  time 
we  need  only  give  the  sections  exposed  on  the  river  banks  and  in  tbe 
immediate  vicinity.  As  stated  above,  the  regular  line  of  outcrop  of  the 
Buhrstone  rocks  extends  from  near  Hamilton's  Lauding,  on  the  Alabama, 
across  to  the  Tombigbee  at  White  Bluff  and  McCarthy's  Ferry.  At 
both  these  localities  we  have  very  good  sections  of  the  lower  beds  of  the 
formation. 

(c)  At  White  Bluff  there  is  a  clear  exposure  of  these  rocks  in  a  cliff 
of  about  116  feet.  They  are  light  colored,  aluminous  rocks,  which,  how- 
ever, could  not  be  closely  examined  because  of  the  precipitous  nature 
of  the  bluff.    (See  Plate  XIV,  Fig.  4,  p.  151.) 

{d)  At  McCarthy's  Ferr^'  tbe  immediate  bluff  of  the  river  is  made  of 
the  clays  which  underlie  the  Buhrstone,  but  on  the  hills  just  back  of 
the  river  we  get  a  section  of  nearly  300  feet  of  Buhrstone  rocks.  (See 
Plate  XIV,  Fig.  3,  p.  151.) 

(c)  Down  the  river  from  these  localities  the  Buhrstone  rocks  dip  be- 
neath the  surface,  the  overlying  Claiborne  beds  forming  the  river  banks, 
as  at  Coffeeville,  &c.,  already  mentioned,  but  just  south  of  Coffeeville, 
at  Hatchetigbee  Bluff',  the  Buhrstone  is  again  seen,  and  the  lowermost 
beds  at  that,  as  shown  in  the  section  (see  Plate  XIV,  Fig.  5,  p.  151).  The 
exposures  at  White  Bluff  and  at  the  Hatchetigbee  Bluff'  both  show  the 
contact  of  the  light  colored  claystonos  with  the  underlying  sandy  clays 
&c.  of  the  Lignitic,  but  at  the  former  locality  all  except  the  uppermost 
20  feet  or  so  of  the  Lignitic  are  obscured  by  land  slips  and  rubbish  of 
all  sorts.    These  sections  will  be  given  in  detail  under  the  next  heading. 

(/)  Still  farther  down  the  Tombigbee  River  these  rocks  sink  again  be- 
low the  surface,  for  at  Saint  Stephens,  and  just  above,  the  Claiborne 
sands  and  the  overlying  White  Limestone  make  the  river  bluffs,  as  be- 
fore stated.    At  the  Lower  Salt  Works,  however,  we  have  the  Buhrstone 
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rising iiguiu  to  tbe  suifitce,  as  describeil  by  Professor Tiioiiify.'  Duriug 
the  summer  of  1S35  1  ascertained  that  the^o  rocks  appear  at  the  sur- 
face at  aa  intermeiliato  point,  viz,  uear  Jackson.  The  Lower  Salt 
Works  are  Hituatetl  near  the  center  of  T.  5  N.,  E.  ii  E.,  and  the  rocks  ex- 
posed along  the  road  which  aaeenda  the  hill  just  south  of  the  works  are 
as  follows : 

Suction  at  Ike  Lower  Salt   Works,  Clarke  Coiintg. 

I,  OrliitoiiUUiiueatimo  fiirmiag  llie  iippor  jtart  of  tlie  bill,  tliickucas  uot  do ter ruined. 
I    S.  Bi-tvui'n  the  orbitniiUl  rock  anil  the  topmost  bed  uf  tlie  oouliauoiiii  »»(itiou  be- 
low given  Ihore  la  a  space  In  wbicb  tbe  rocks  nre  covered  witb  soil,  iindetonuiQed 
thickDew. 
3.  ArgillaceoUB  Wbitc  Limoatono  or  clayey^  marl,  with  sevaml  ioiturated  ledgea  of 

HimiloT  luulcrial .uboal  IS  to  30  feet. 

A.  Coarau  grajueil,  feirugiauiiH  sand,  with  harder  lodgH  itt  base  anil  Bbov».  Tbia  bed, 
OS  wellm  the  lianler  portions,  contaioB  fossils,  thoinoBt  cotiapioiions  of  which  are 
Seutella  Lgelli  and  FnUK  perplaniu.     Ulih  bed  in  stroogl;  glancnnltia  nnnr  tkn 

bnso ....about  S)  feet. 

G.  GreeoLsh  clay  pMaiog  at  bottom  iota  a  lodge  of  hnrd  clayHtouo,  the  first  of  tho 

I  Buhrstone  formiLtion ,:t  ftwt. 

'    e.  Alominous  sandstonea  or  iodnratcd  cliiystoDM  of  the  usual  Bubntoue  character  to 
tbnboaoof  tbcbill 60  feet  or  more. 

About  half  way  don*!!  the  hill  there  ie  a  bed  of  grvensiuid  holding  a 
good  many  fossils. 

That  which  most  strikes  the  observer  in  this  section  is  the  absence  of 
till'  saiiiis  and  riiarU  of  the  Claiborne  formation.  Tlio  glimconitic  siimls 
with  Sculella  Lyelli  and  Pectea  pcrplanus,  supposed  to  be  of  Jackson  age, 
immediately  overlie  the  greenish  clays  of  the  IJnhrstone,  while  at  Clai- 
borne the  two  arc  separated  by  at  leii.st  K.tO  or  liO  feet  of  other  strata. 

I'rofessor  Tuomey'  called  attention  to  the  fact  tliat  the  Buhrstone 
beds,  after  dipping  bencitth  the  surface  in  the  niJin'r  part  of  Clarke  County, 
appear  again  at  the  Lower  Salt  Works,  the.  Wliile  Limestone  and  other 
calcareous  strata  occupying  a  basin  in  the  Buhrstone  formation.  Our 
own  observations  on  the  river  i»  1S.S3,  and  later  in  ISS5  in  the  western 
jiart  of  Clarke  County  and  in  Clioctaw  County,  have  shown  that  the 
Buhrstone  rocks  appear  at  at  least  two  intermediate  points  l>etween 
the  two  limits  observed  l)y  I'rofessor  Tuomey,  viz,  at  llatchetigbee  and 
at  Jackson. 

§  4.   THE    LIGNITIC. 

All  the  strata  tying  between  tlie  Buhrstone  and  the  Cretaceous,  rcp- 
re.-ientiug  a  thickness  of  SjO  to  900  feet,  have  been  classed  by  Dr.  ilil- 
ganl  under  the  two  names  of  Lagrange  (or  Lignitic)  and  Flatwooils. 
Lately,  I'rof.  Angelo  lletjprin  has  proposed  the  uame  Eolignitic  for 
both  these  divisions  ;  but,  since  Dr.  Hilganl  had  already  used  the  name 
Lignitic  in  the  same  sense,  that  term  has  priority  and  must  be  retained. 

'  First  Hicn.  I{.-p.  Gel.  Abi.,  p.  ir.O,  IrtSO. 
(i;tO) 


*iS2!cwx?]  GENERAL   CHARACTERS   OF   THE   LIGNITIC.  39 

The  greater  part  of  this  subdivision  is  made  up  of  laminated  clays 
and  laminated  and  cross  bedded  sands  of  a  prevailing  gray  color,  except 
immediately  below  the  Bnhrstone,  where  for  200  feet  or  more  they  are 
of  dark  brown,  often  purplish  colors.  With  the  above  mentioned  lam- 
inated clays  and  sands  are  interstratified  several  beds  of  lignite  and  sev- 
eral beds  holding  marine  fossils  and  usually  characterized  by  the  pres- 
ence of  glauconite  or  greensand. 

The  lignite  beds  appear  to  be  more  numerous  and  thicker  towards  the 
west,  and  especially  in  Mississippi,  while  eastward  of  the  Alabama 
Hi  ver  they  become,  as  a  rule,  inconspicuous.  Only  one  of  these  lignites, 
viz,  that  which  appears  at  Coal  Bluff,  on  the  Alabama  River,  is  of  very 
considerable  size,  six  or  seven  feet;  they  possess  no  very  well  marked 
characters  by  which  they  may  be  distinguished  from  one  another ;  they 
are  traced  with  difficulty  across  the  country,  since,  being  softer,  they  are 
more  easily  eroded  than  the  associated  rocks.  On  the  other  hand  we 
have  found  the  marine  beds  to  retain  their  characteristic  features  to  a  re- 
markable degree :  each  has  its  peculiar  association  of  fossils,  most  of 
them  are  also  easily  recognizable  by  lithologic  and  structural  char- 
acters, and  some  of  them  may  be  followed  with  the  greatest  ease  across 
at  least  three  counties.  These  circumstances  have  led  us  to  use  the  ma- 
rine beds  instead  of  the  lignites  for  marking  the  different  horizons  of 
the  Lignitic  division,  and  provisionally  we  have  thus  used  the  seven  fol- 
lowing marls,  each  marking  a  well  defined  horizon  and  each  present- 
ing its  easily  recognized  paleontologic  character : 

1.  The  Hatchetigbeo  marls. 

2.  The  Wood's  Blaff  or  Bashi  marl. 

3.  The  Bell's  Landing  series. 

4.  The  Nanafalia  or  Oryphaa  ihirscB  marl. 

5.  The  Matthews's  Landing  and  Kahoola  marb. 

6.  The  Black  Bluff  beds. 

7.  The  Midway  or  Pine  Barren  bcdc. 

Our  account  of  the  stratigraphy  of  the  Lignitic  division  of  the  Ala- 
bama Tertiary  will  be  more  intelligible  and  more  easily  followed  if  we 
describe  the  strata  in  sections,  each  corresponding  to  and  including  one 
of  the  seven  marl  beds  above  enumerated. 

(1)  THE  HATCnKTIGBEE  SERIES.      (PLATE  XV.) 

In  this  we  would  include  all  the  strata  intervening  between  the  base 
of  the  Buhrstone  and  the  uppermost  of  the  Wood's  Bluff  fossiliferous 
beds,  aggregating  about  170  to  175  feet,  as  may  be  seen  by  consulting 
the  engraved  sections  of  Plate  XV,  especially  Fig.  1,  p.  155. 

By  far  the  greater  part  of  the  beds  here  included  are  sandy  clays  or 
clayey  sands  of  brownish  gray  colors,  alternating  with  bands  of  dark 
brown  or  purple  color,  the  whole  forming  a  tolerably  well  marked 
and  in  most  cases  easily  recognized  group.  Where  these  brown  clays 
have  been  much  exposed  to  the  action  of  the  atmosphere,  and  conse- 
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qiitiutly  tliorouglily  leaubcd,  an  uecurn  wUerurer  lliuy  liu  lijgb  up  ou 
tbe  hills,  tbey  exbioit  very  inuub  ligbter  ami  less  cliaracteristic  coIoihl 
The  best  expoauroa  of  tUose  boiia  are  to  be  seen  at  the  localities  man 
panlcularly  described  below,  aud  at  oue  of  tbem,  Wbite  Bluff  and 
vidnity,  the  whole  series  oceura  iu  autual  siipcriiositiOD,  only  aboDt 
sixty-flve  fiwtof  it  being  somewbat  obscured  by  slides.  TbtiUtatini^ 
ively  inariue  deposits  of  this  series  consist  of  three  or  foar  shell  or  msri 
beds,  separated  by  uoii-fossiliferoua  sauds  aud  clays  (Plato  V). 


(o)  Section  at  naUbatigbee,  Tonbigbee  niaa:     (Plate  XV,  Fig.  2,  p.  155.] 
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1.  Light  colored',  alauiitoua  iaadstoava  and  iadnrated  oUys,   forming  a  verlical 

eacftcpmoQt  bock  ofl.be  main  Muff SO  to30fMi 

Tbe«o  liglit  oolurBii  cinystanes  no  uonslder  to  bo  tho  lon-cnuost  uf  tlie  Buhr- 
stone  furmntiuii,  anil  all  the  underlying  la  bo  Liguitb. 

3.  Siiucly  clays  of  brown,  yaUonritk,  anil  reddiah  culon  interitratiAed.  TLe«<  ue 
durk  blue  when  ui»ist,  but  of  lighter  ciolora  when  dry 13  to  20  tea. 

3.  Ueavy  beildud,  dkrk  bn>irii  claye,  soinevliitt  llko  Ha.  '2,  but  of  dai-bL-r  color  «L«a 

dry lOfrel. 

4.  Viillowlitb,  );1itucciultio  mnrl ?t«  Sfoet. 

TliU  bod  shuwa  a  tuudeiioy  to  fiiriu  at  intervals  b&rd  onitoretianary  ledgrs, 
which  OD  woatberiiig  break  oQ'  »nd  roll  doirn  the  bluS"  ami  an>  piled  in  gmt 
mimbors  at  its  base.-  EoinA  of  theM  bowlders  havu  a  uuclcus  of  shells,  trUitb, 
however,  are  not  nsnally  very  well  proeerrod. 

5.  Purplish  brown,  sandy  clays,  iu  the  middle  of  which  is  a  projecliug  ledge  of  datk 
'  eolored  days  which  ate  border  but  break  up  into  imall  prismatic  ^Agmsatsopm 

drying  and  on  exposure  to  weather . .... 15  feel. 

G.  Yellowish  gruy  saridH,  striped  with  thin  streaks  of  brown,  aantly  clay.  Then 
Hiinds  fcirni,  nt  iiitiTvals  iiliKig  ITio  bliilV,  iiidnrat^-Hl,  coiicryt  i(.ii;iry,  rflnndRl 
niash,'s V.  toCftet. 

7.  Bluish  brnwii,  sandy,  clny  luiiil,  .-oiituiiiina  luuuy  uew  forms  of  bIil-IIi.  The  uppr 
pHrtuiorof...SBilif>Tn,is 5  to  C  f.-et. 

C.  Lamiuali'd,  gr.tyishs^iiids,  iuli'i'stiatilivd  with  lliiu  bi'dn of  brown  or  liliick,  liguilic 
chiy.  Tiicao  aauda  form  rounded,  ooiicretiouitry  niiisst-H,  which  project  from  face 
ofblilft' ._ Hfee!, 

0.  Heavy  lioddi'd,  gray,  s.-iiiily  cliiyH  ivilli  stri'aks  of  brown  clay 8  feel. 

1".  Reddish,  saudy  njari,  hi^lily  fowtiliforous,  fonniiig  coiierutiouiiry  bowlders.  Re- 
niarkablo  for  tlie  (r"j't  iininlii'r« of  I'luericanllii  iilaiiimaln  Lam.,  but  contniiiinK 
also  many  oliu'r  foran,  mich  aH  .-llliUUi  Tiio-iiPj/i  Con.,  nnd  Faaus  pnyoiliformii 
Hi'ilprin 4  to  o  fci-t. 

11.  Darkjrray  iDhrown.-iiiidy  rLiystowatcir K.  fw(. 

lU'd.s  Xo.  S  atiil  !)  itbove  form  very  couspiciioiis  parts  of  the  bluff,  as 
tbey  are  striped  witli  durk  brown,  nearly  black,  bands  of  clay  and  rc- 
soiiible  strongly  it  part  of  the  .section  at  McCarthy's  BluU'  described 
below. 

'  lli'ltvi'fii  luir  jntiit  visit  III  1-46:1  aud  my  second  iu  1885  the  appearance  of  the  IdiifT 
wiis  very  nrnterLilly  clian^od  by  a  limdslido.  In  l*i3  we  saw  about  six  feet  Imlmv 
the  miirl  bird  No.  4  auotbor  of  rery  similar  character,  wliich  I  have  uow  reason  lo 
thluk  W.1H  a  iiicri!  repetition  of  No.  -l,  since  1  v/^^  iiiiahle  to  makn  nut  two  such  Wdi 
in  IM^r..  I  luiv.-,  tlierofori',  t;ivrii  only  nm-  in  Ihii  Hei'ti.in.  thon^'h  ciniviiicivl  i>f  llie 
esisti'iiceoftivo  at  (he  tiiu.' ^il' .iiii-  111.-.:  \-\~<i. 


Tin- bu  nu  flKurvgta        upcn 


lb  laty  Hands.       7.  Bluish  bmwn.  Bamly  marl. 

>  Ibe  anllonK  on  p.  *J.  and  uLiw  lo  Fig.  3  of  Plau  XV.) 

'   BLUFF,   TCMtilGEEE   KIVEH 
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(b)  At  White  Bluff,  on  tho  Tombigbee,  as  above  stated,  there  is  an- 
other exposure  of  the  contact  between  the  Buhrstone  and  the  underly- 
ing Lignitic,  which,  however,  includes.iu  continuous  exposure  only  the 
uppermost  25  feet  of  the  latter  formation.  From  the  top  of  White 
Bluff  down  to  the  river  level  the  distance  is  275  feet  by  barometric 
measurements  made  at  several  different  times.  Of  this,  the  uppermost 
140  feet  are  shown  in  a  clear  perpendicular  bluff  and  consist  of  115  feet 
of  the  light  colored  claystones  of  the  Buhrstone  formation  and  25  feet  of 
sandy  clays  of  the  Lignitic.  The  strata  composing  the  rest  of  the  slope 
of  White  Bluff  are  so  much  obscured  by  landslides  that  it  is  impossible 
to  make  them  out  satisfactorily,  but  the  lowermost  70  feet  of  the  beds 
which  make  this  slope  are  well  exposed  on  the  banks  of  Witch  Creek 
and  at  Davis's  Bluff,  near  by.  Between  these  two  parts  of  the  section 
there  are  some  65  feet  of  strata  not  seen  here,  which  include  tho 
Hatchetigbee  marls  &c.  In  proof  of  tliis,  I  found  on  the  slope,  a  few 
feet  below  bed  No.  3  of  the  accompanying  section,  a  fragment  of  hard- 
ened, glaucouitic  marl  with  a  few  badly  preserved  fossils.  The  marl  re- 
sembled that  described  in  No.  4  of  the  Hatchetigbee  section  above. 
The  fossils  were,  however,  too  obscure  to  be  identified. 

All  this  is  shown  in  the  following  section  and  in  Plate  XV,  Fig.  1,  p.  155: 

Section  at  White  Bluff  and  Davis's  Bluffs  Tombighee  Eiver, 

1.  AInminouB  sandstones  and  claystones,  of  light  color,  forming  a  vertical  blnff,  the 

details  of  which  it  is  impossible  to  examine  closely,  Buhrstone  rocks....  115  feet. 

2.  Grayish,  sandy  clays,  with  a  layer  about  IS  inches  in  thickness  at  its  base,  con- 

taining fragments  of  lignitized  stems  and  twigs 20  feet. 

3.  Sandy  clays,  with  a  layer  at  bottom  about  8  inches  thick,  consisting  of  alternat- 

ing layers  (one-fonrth  of  an  inch  in  thickness)  of  lignite  and  sand. ......5  feet. 

4.  Strata  not  seen,  covered  by  landslides  * 65  feet, 

5.  Gray,  sandy  clays,  striped  with  brownish  purple  band8  of  clay,  containing  few  if  any 

fossils,  except  that  about  12  feet  above  the  water  there  occurs  a  thin  bed  with  a  few 
fossil  shells,  and  some  12  feet  above  this  a  single  specimen  of  Athleta  Tuomeyi  was 
found  sticking  in  the  clay* 70  feet. 

White  Bluff  is  in  the  southwestern  part  of  Sec.  14,  T.  11  K,  R.  1  W., 
just  below  the  mouth  of  Witch  Creek. 

(c)  Above  this,  the  river  bends  towards  the  west,  and  in  the  north- 
western  part  of  Sec.  C,  T.  11 N.,  R.  1.  W.,  at  McCarthy's  Ferry,  the  strata 
which  make  the  lower  part  of  the  preceding  section  are  again  exposed, 
as  may  be  seen  from  the  following  section  : 

Section  at  McCarthy's  Ferry ^  Tomhighee  River.    (Plate  XF,  Fig.  l\  p.  155.) 

1.  Sandy  clays  intcrlaminat^d  with  clays  less  sandy,  all  of  light  gray  colors,  but  along 
the  whole  length  of  the  bluff  there  are  parallel  bands  of  much  darker  clays, 
which  make  a  very  conspicuous  marking 50  to  55  feet. 

'A  fragment  of  glaucouitic  sandntone  with  foMsilH  was  picked  up  from  the  surface 
in  this  part  of  the  section  a  few  feet  below  tho  base  of  No.  3. 

'These  beds,  as  well  as  those  included  in  No.  4,  are  covered  by  the  debris  of  land- 
slides at  White  Bluff,  but  they  are  wi^U  shown  in  the  banks  of  Witch  Creek,  which 
waabes  the  base  of  White  Bluff,  and  at  Davis's  Bluff,  half  a  mile  above,  where  we  get 
the  lower  70  feet  of  the  section  (No.  5). 
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li  LamiDittod  uIujb  uud  saiuU,  tirju  uod  oompnot  >t  liasc,  furmliig  a  [irojeotin;;  1<m1^ 

which  dividuB  tlio  Ulnff  into  two  purls • 4  to  5  feet. 

i,  Fyrfbina,  sand}-  clnj'H,  with  two  nr  three  band)  of  darker  coliir ;  the  aaiiils  Die  iii- 

'      durat(^d  In  places,  furmiug  iKmldei-like  mosHes SO  ti>  25  fcut. 

The  dark  bands  whicli  ni:irk  the  bluff  and  wliich  look  at  a  distance 
Kke  lignite  beds  arc  fonud  npon  closer  iiiapeotion  to  consist  of  thin  lay- 
gn  of  dark  bluish  gray  clays  intertieddod  witb  tliin  streaks  of  gray 
Mad.  Tbe  whole  75  foet  of  this  section  appear  to  be  barren  of  fossils. 
At  the  base  of  tlie  bluff  lie  great  iiuiubers  of  fragmeuts  of  tho  sili- 
jious  and  almuiuous  rocks  which  characterize  the  Buhrstone  formation 
ted  which  have  rolled  down  f^om  tho  hills  that  rise  a  short  distance 
sack  of  the  immediate  blafif  of  tbe  river.  These  hills  are  composed  eu- 
arely  of  the  Biihrstone  rocks  for  a  vertical  distance  of  270  feet.  (See 
Plate  XIV,  Fig.  ;i,  p.  151.)  This  is  the  greatest  thickness  of  Buhrstoiie 
rocks  that  has  been  measured  in  one  section,  except  at  one  other  place 
.Q  the  same  range  of  hills. 

Above  MuOarthy's  Btnff  I  failed  to  find  any  outcrop  of  the  Ilatche- 
^gboe  marls,  bat  a  short  distance  northward,  on  the  road  to  Monut 
Sterling,  some  10  to  11  miles  south  of  Butler,  the  road  descends  over 
!50  feet  of  Buhrstoue  rocks,  below  which  I  saw  in  1S.S5  an  indurated 
^reensand  marl  with  fossils  embedded  in  brown  sandy  clays.  This  is 
loubtlcss  one  of  tho  Hatchetigbeo  marls. 

The  position  of  the  McCarthy's  Bluff  beds  with  reference  to  the  Buhr- 
Itone  and  to  the  Davis's  Blnff  beds  is  shown  on  tho  general  section 
in  rhito  XIV,  FiR.  3  (p.  151),  and  in  Plate  XV,  Fig.  0  (|..  1.".). 

Up  theTombigbeeliiver  from  White  Bluff  and  Davis's  Bluff  to  Wood's 
Blnff,  similar  dark  gray,  sandy  clays  with  darker  bands  are  displayed 
in  tlie  river  banks.  The  thickness  of  tlie  strata  between  the  Buhrstono 
and  the  top  of  tlie  Wood's  Bluff  marl  is  about  175  feet,  of  which  the 
lower  100  feet  arc  well  characterized  by  a  prevailing  dark  brown  or 
slightly  purple  color  and  by  tlie  absence  of  fossils,  except  an  occasional 
band  of  lignitic  clay  or  a  sandier  baiid  with  a  few  marine  shells.  The 
upper  75  feet  are  more  fo.ssiliferous  and  varied  in  appearance. 

In  these  lower,  dark,  sandy  clays  there  occur  concretionary  ma.s.ses 
of  silicious  matter,  sometimes  almost  a  flint  of  approximately  spheri- 
cal shape,  and  niiule  up  of  concentric  layers  or  sliells.  These  con- 
centric shells  are  usually  separated  by  a  thin  layer  of  pure  quartz  of 
fibrous  texture,  the  fibers  being  perpendicular  to  the  surfaces  of  the 
spheres.  These  concretions  are  very  commonly  looked  upon  as  petrified 
turtles  by  the  people  of  the  vicinity.  They  vary  from  0  inches  to  lor  5 
feet  in  diameter.  In  other  pliiccs  the  clayey  sands  themselves  are  ce- 
mented together  into  rounded  concretions,  witii  a  luiclens  of  black 
lignitic  matter. 

Where  tho  dark  brown  or  purple,  clayey  sands  above  described  occur 
at  considerable  elevations  above  tho  water  and  have  boeu  thoroughly 
iij^j^^and  desiccated,  they  exhibit  very  much  lighter  colors.    They  are 
^^  (101) 
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seen  under  such  condition  on  tiie  hills  back  of  Yellow  Blufif,  on  the  Ala- 
bama Biver,  and  in  the  country  between  the  two  rivers.  It  is  only  along 
the  river  bluffs  and  low  places,  where  they  are  kept  more  or  less  moist, 
that  the  dark  purple  and*  brown  shades  are  so  characteristically  dis- 
played. 

(2)  THE  wood's  bluff  OR  BASHI  SERIES.     (PLATES  XV  AND  XVI.) 

The  first  beds  of  marine  fossils  of  any  consequence  below  the  series 
of  brown  and  purple  clays  above  mentioned  occur  at  Wood's  Bluff,  on 
the  Tombigbee,  and  just  below  Johnson's  Island,  on  the  Alabama  River; 
also,  on  Bashi  Greek  and  its  tributaries  in  Clarke  County,  and  at  nu- 
merous other  localities  to  be  given  below.  We  have  given  to  these  beds 
the  name  of  the  WoocTs  Bluff  ot  Banhi  Marl,  They  are  from  15  to  20 
feet  in  thickness,  are  highly  fossiliferous,  hold  a  very  considerable  per- 
centage of  greensand,  and  the  marl  has  a  tendency  to  become  indurated 
by  carbonate  of  lime  into  rounded,  bowlder-like  masses  of  glauconitic, 
fossiliferous  limestone.  These  bowlders  may  be  formed  in  any  part  of 
the  beds,  but  are  more  commonly  seen  in  the  upper  half,  and  when  this 
is  the  case  the  loose  greensand  marl  below  is  easily  washed  out,  giving 
rise  to  the  formation  of  caves,  sometimes  of  considerable  dimensions. 
Immediately  below  this  marl,  and  usually  within  25  feet  of  it,  are  at  least 
four  or  five  thin  seams  of  lignite,  varying  from  a  few  inches  up  to  18 
inches  in  thickness. 

All  these  characters  render  the  Wood's  Bluff  marl  easily  recognized, 
and  it  has  been  traced  by  me  from  the  western  part  of  Choctaw  across 
to  the  eastern  part  of  Monroe  County  without  any  essential  change  in 
its  quality.  It  has  become  one  of  our  most  important  geologic  land- 
marks. 

Some  35  to  40  feet  below  the  lowermost  of  the  thin,  lignitic  beds  im- 
mediately underlying  the  Wood's  Bluff  marl,  and  separated  from  it  by 
yellowish,  cross  bedded  sands,  is  another  lignite,  about  two  feet  in  thick- 
ness, at  the  base  of  which  we  wish  to  draw  the  line  between  the  Wood's 
Bluff  and  the  Bell's  Landing  series.  As  thus  defined,  the  Wood's  Bluff 
scenes  includes  the  strata  intervening  between  the  purplish  brown, 
sandy  clays,  above  described,  immediately  overlying  the  Wood's  Bluff 
marl,  and  the  two  feet  of  lignite.  The  thickness  represented  is  about 
80  feet.  The  most  complete  section  of  the  whole  series  is  at  Yellow 
Bluff,  on  the  Alabama  River.    (See  Plate  XVI,  Fig.  1,  p.  159.) 

The  best  exposures  of  the  marl  bed  are  to  be  seen  at  Wood's  Bluff,  on 
the  Tombigbee  River,  and  on  the  tributaries  of  Bashi  Creek  in  Clarke 
County,  in  the  immediate  vicinity  of  Wood's  Bluff,  although,  as  stated 
above,  the  marl  may  be  readily  traced  across  Choctaw,  Clarke,  and  Mon- 
roe Counties,  exhibiting  at  many  places  away  from  the  rivers  very  fair 
sections.  On  the  immediate  banks  of  the  Alabama  River  the  marl 
does  not  make  much  show,  though  it  may  be  seen  below  Johnson's 
wood  yard. 
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We  give  hero  only  tlirBO  sections,  sLowitij;  tlio  dotiiila  of  the  marl  bed 
ndof  theHtratA  underlying  dowu  to  tbu  toportltti  uost,  or  Bull's  Land- 
Qg,  scries. 

j)  Seclioii  al  ITooiTs  Blag,  TomUghcis  IHovr.    (Plale  AT*  Pfjy.  1,  p.  IT,:.,  ami  rinle  AT/, 

Irange  sAnd  or  Btratified  drifb 20  foot  or  uiort*. 

.  Diu-k  browQ  or  bluisti  Ulack,  laminated  o1ii;h,  bruukiog  up  into  Hmall  friix''><^"t'>. 
6  to  8  Tixt,  at  tho  upper  end  ot  the  blalF,  biit  rising  to  10  foot  or  more  furtlior 
iluwu.    TheM  ola^sare  identical  witk'.hoso  at  the  botie  of  the  While  Blnlf  m-i:- 

tiou 8  to  10  feel  or  moro. 

.  Dark  bhilnh,  aiudy  ola;,  tiiruing  red  o.i  oipoaul  oud  weatliered  ■iirfucr*  nml 
capp«d  with  B  hard  ledge  which  may  bo  eueily  truM>d  duwn  the  river  itrnrly  t<i 

Davin'a  lllnil' 3  r<«r, 

,  Bliil«lj,  lauiiuated  clay  or  eaaily  olay,  very  rouoh  like  No.  2  in  color  autt  tKKtun', 
but  i^uutuiuliig  no  fuwiU,  or  very  fevr,  anil  not  sppoarlng  red  at  the  iatCiuse,  n( 

varittblo  thickness 5  tod  feet. 

.  Bluiih  or  greeaiBh,  aandy  olay,  Hometrhat  iuduiated,  of  decidedly  rcdilixh  Rolnr 
on  the  nutlace,  highly  fossil  iferou a,  characterized  by  T»rrilaUa  lineala  L«a  and 
Peulalium  Mtnroalriat am  Heilpr.,hat  containing  alxo  AHeillaria  ilatuinea  Cnn.,  a 
■ma1!  Natiea  Pgrula  maitangalata  Huilpr.,  Corbula  oniarM,  Inf aniUiil am  Iroehi- 
/omit  Lea,  a  Phoriu,  and  a  Hm&II  oynter.  The  lower  pnrt  of  this  bed  p&Bs«i  grarl- 
nally  into  the  greenaaud  niari  No.  5  and  is  the  beat  onllectint{  gronud.  aa  tli<* 

materlnl  is 'lew  indnrfttod  aud  tho  nbella  tint  more  easily  removed 3  to  4  fovt. 

Qroeniiand  marl  to  ttie  water's  edge 10  to  1^  feet. 

The  upper  part  of  this  innrl  ia  quite  soft  and  friable,  bat  jast  above 
30  waiter's  edgo  it  becomes  indurated  and  abows  a  di-sposition  to  form 
rounded,  bowlder-like  maaaes,  quite  biird  and  firm  and  resembling  a 
linieatonc.  Tiiat  tbis  indurated  i)art  ia  of  the  same  nature  as  tlie  softer 
grecnsand  above  and  below  it,  is  seen  from  tlie  eirciiiii.<ti:nfe  thuf  Itie 
indurated  bowlders  are  smnetiines  near  Ilie  top,  somelimes  neai'  tlie 
bottom  of  the  greensiind  stratum.  Tlie  aeeompan.viiijj  view  (I'bile  VI) 
sfiows  well  the  larpo,  bowlder-like  masses  of  the  indurated  greerisaiul. 
\o.  .1.  Passing  ttirougli  the  central  part  of  this  marl  bed  is  a  l.iyi'r  ol 
(Mrea  mmpressirostrit  .S,iy,  with  very  thick  and  pnnili'rous  sliells. 

{b)  About  two  miles  from  WooiVm  IJluff.  o:\  the  banks  of  Bashi  Creek, 
there  ia  the  following  exposure  {I'late  XV'I,  Fig.  7,  p.  Ij1>): 

Seclion  near  n'oo-r,  Ithiff. 

1.  V.'llon-i-^li  crny  linicstojio  or  iiiilnmlcd  iiuirl,  liko  tll.^t  s.'en  a\  Uir  hn^,.  ,.r  t!i,. 

Wcii"t«  llliiliWi^liniL 1((  r.-.l. 

:;.  G^velli^ll  l.lnr,  f.i.HHilir^roiis  h;iiiilH-- Mfi^et, 

3.  Soil riigtillicrlay,  l:iiiiiiiati-a  iiiiilj.ihilcil Oiniiius, 

A.  Brown,  laii.in^ito.l,  joint  diiy,   passing   bi'l.nv  iiHo  a.  {;r,vuisb.   [mii.f,i«,sililVT..iis 

sand .Ifivt 

iTJiiHbed  is  highly  foruiiliritroiis,  (-ontultilng  LoviUHLi-nntm  ulnnliin,  \i.-\ii,\:  (ivhl.h 
appciii'nto  lio  confined  ti)  IIiih  |Kirtii!iilar  horiiioii),  Allilclii  VjiiJidv/j  Cnii.,  I'-imih  i.if)><'li~ 
/orwjBKoilpr.,  r™(Ti-,flr(lin;i/nHi™»/n  L:iiii..  .4c'*<ioii /jhi«i7;««.Cmii,.:i  s.ikiM  Vnlii'^i.  fh« 
roloma  n<:«minata  .Si.w.,  -Iiiiiks'  ti'.'lli,  .i.ir\lh,yHi  'Uiwi»vn  Ci.ii..  :i  stii:i1I  (■yili.T.vi.  A.', 
<  These  Band»  lire  fr*-.]nL>ii11,v  w:ikIi<-<1  out  ri-oni  bi.>ii.!:itli  l.\u:  UiMeHt..ii.'.  <ir  iiL<li>r;i[e.l 
marl,  r..riiiin-  i'av.-s  wliiih  iire  I.)  U.;  svi-A  wli.r.-.-.T  111.-  W.».,r.H  lllnlV  in.irl  utcura. 
(I!)li) 
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'  landiiif^.  Tlie  lieils  uunibered  2  to  4,  inclusive,  togetUer  witU  about  forty 
'  feet  of  the  lower  stnita  of  No.  1,  are  seen  on  the  top  of  the  biiiff,  along 
I  tbo  road  leoUiiig  up  the  hill,  aud  thoy  directly  overlie  the  beds  exposod 
lu  the  river  bhifi'.  Nos,  2  to  6,  iacluaive,  ropresout  tho  Wood's  Bluff 
I  scries. 

I  From  the  soctious  represented  on  Plates  XV  aud  XVI  it  will  be  seen 
t  titat  the  Wood's  Bluff  marl  lies  embcddeil  iu  a  great  thickuess  of  clays 
I  and  clayey  sands,  a  circumstance  which  has  an  important  bearing  upon 
,it8  economic  value.  The  disintegration  of  the  clays  produces  heavy 
i.olay  soils,  whicU  are  thoroughly  marled  by  the  Wood's  Bluff  beds, 
'iWid  they  form  iu  cousequeuce  some  of  the  most  productive  aud  lasting 
soils  of  the  Tertiary  group.  We  have  as  instances  t!ie  heavy,  calca- 
reous, clay  soils  which  occupy  a  broad  belt  north  of  Butler,  in  Choctaw 
,  County;  theproductivesollsof  parts  of  the  Tallahatta aud  Bash!  (Jroeks 
^region  ;  the  clay  hill  soils  of  the  eastern  part  of  Clarke  and  tho  west- 
ern part  of  Wilco."C  Counties,  hetweeu  Choctaw  Corner  and  Lower  Peach 
I  Tree ;  the  celebrated  Flat  Creek  lauds  of  Moni-oo  County,  &c.  Some 
[  descriptions  of  these  soils,  with  analyses,  were  presented  in  the  Ucport 
'  of  the  Geological  Surrey  of  Alabama  for  1881-'82. 

(3)  TUC   UELL'g   LANDIXO   SERIES.      (PLATB  XVI,  FIGS.  1  TO  G,  P.  159.) 

This  series  includes  two  important  fossiliferous  beds,  separated 
by  about  twenty-five  feet  of  gray,  sandy  clays.    Between  the  lignite, 

which  forms  the  biiao  of  the  preceding  division,  aud  tlio  upper  marl  uf 
this  series  there  are  some  forty  feet  of  reddish  sauds  and  laminated,  gray, 
sandy  clays,  and  below  the  lower  marl  about  sisty  feet  of  saudy  clays 
of  the  prevailing  gray  color,  rather  massive  in  the  lower  part.  About 
iifty  feet  below  the  lower  of  tho  two  marl  beds,  and  ten  feet  above  the 
base  of  this  series,  there  is  a  third  small  greousaud  bed  one  foot  or  less 
in  thickness  containing  fossils.  The  entire  series  comprises  about  one 
huudredandfortyfeet  of  strata,  which,  as  a  whole,  are  gray,  saudy  clays, 
becoming  more  and  more  massive  toward  the  base,  while  they  are  more 
thinly  laminated  and  more  mixed  with  sands  near  tlie  summit  of  the  sec- 
tion. The  strata  which  lie  betwcou  the  Wood's  BJnlf  marl  and  the  up- 
liermost  of  this  series  arc  about  sisty  feet  of  sandy  clays,  containing 
several  thin  seams  of  lignite,  all  of  which  are  exhibited  indirect  superpo- 
sition at  Yellow  Bluff,  and  have  been  placed,  as  abivo  shown,  with  the 
Wood's  Bluff  scries.  The  upper  marl  bed,  which  is  the  Bell's  Landing 
marl  bed  i* roper,  is  some  ten  feet  thick,  contains  greeusand,  and  indurates 
into  bowlders,  fine  examples  of  which  are  to  be  seen  at  the  base  of  the 
bluff  at  Bell's  Landing.  This  marl  is  characterized  above  all  others  in 
the  Tertiary  of  Alabama  by  containiug  gigantic  specimens  of  shells 
which  at  other  localities  are  of  moderate  size.  The  lower  bed,  known  as 
tho  Gregg's  Lauding  marl  from  its  occurrence  at  the  landing  of  that 
name,  is  four  or  live  feet  iu  thickness  aud  is  of  clayey  material.  It  has 
a  peculiar  group  of  fossils. 
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The  fossil  bearing  beds  of  this  series  are  best  exposed  along  the 
banks  of  the  Alabama  Bivor  at  BelPs  Landing,  Qregg's  Landing,  Pee- 
bles's Landing,  Lower  Peach  Tree,  a:ul  Yellow  Blafif ;  and  on  the  Tom- 
bigbee  at  Toscahoma,  Turner's  Ferry,  near  the  mouth  of  Shuquabowa 
Creek,  and  at  Barney's  Upper  Lauding.  The  exposures  on  the  Ala- 
bama are  much  more  satisfactory. 

Unlike  the  Wood's  Bluff  marl,  the  marls  of  this  series  make  compara 
tively  little  show  inland  from  the  rivers  and  exorcise  little,  if  any,  in- 
fluence upon  either  the  soils  or  the  topography  of  the  country  in  which 
they  come  to  the  surface.  I  am  not  certain  that  either  the  Bell's  Land- 
ing marl  or  the  Gregg's  Landing  marl  has  been  identified  at  any  dis- 
tance from  the  rivers,  while  the  Wood's  Bluff  marl  can  be  followed  with 
ease  from  the  Mississippi  line  as  far  eastward  as  we  have  been. 

The  following  sections  illustrate  the  occurrences  of  the  Bell's  Land- 
ing beds  along  the  two  rivers : 

(a)  Section  at  BelPa  Landing,  Alabama  Biver,     (Plate  XVI,  Fig.  2,  p.  159.) 

1.  TeUowish  red,  cross  bedded  sands 15  feet. 

2.  Lignite about  2  feet. 

3.  Laminated,  sandy  clays,  with  a  few  large,  bowlder-like  concretions 10  feet. 

4.  Yellow,  stratified  sands  alternating  with  gray,  sandy  clays 15  feet. 

5.  Gray,  sandy  clays 15  feet. 

6.  Qreensand  marl  forming  large  concretionary  bowlders  and  holding  gigantic  speci- 

mens of  Bostellaria  trinodifera,  Turhinella  pyruloides  Con.,  Fusue  pagodiformia 
Heilpr.,  Valuta  Newoomhiana  Whitfield,  &c.  The  bowlders  cover  all  the  lower 
part  of  the  slope  below  the  landing.    The  marl  beds about  G  to  10  feet. 

7.  Dark  gray,  laminated,  8andyclays,black  when  wet,  but  light  gray  when  dry.  .25  feet. 

8.  Bluish  green,  sandy  clay  marl 1  to  2  feet. 

9.  Dark  gray,  sandy  clay  to  water  level 4  feet. 

Above  Bell's  Landing  the  strata  of  this  series  are  exposed  along  the 
river  as  far  as  Yellow  Bluff,  and  the  most  important  localities  are  given 
below. 

(6)  Section  at  Qregg'a  Landing,  Alahama  Biver,    {Plate  XVI,  Fig,  4,  p.  159.) 

1.  Greensand  marl  with  concretionary  bowlders,  the  same  as  No.  6  at  Bell's  Land- 

ing  5  feet. 

2.  Gray,  sandy  clays 20  to  25  feet. 

3.  Dark  gray  or  bluish,  sandy  clay  or  clayey  saud  containing  well  preserved  fossils, 

many  of  which  are  peculiar,  and  somo  identical  with  those  at  Wood's  Blnff,such 
as  Pyrula  muUangulata  Heilpr.  and  Fusuh  subacalarinus  Heilpr.  This  bed  has  an 
indorated  ledge  of  variable  thickness  at  the  base  and  is  in  all.,  .about  4  to 5  feet. 

4.  Laminated,  sandy  clays  to  the  water  level about  lOfeet. 

This  bluff  extends  at  least  one  mile  down  the  river  from  the  l.mding, 
and  along  this  whole  distance  there  have  been  landslides,  and  the  two 
marl  beds  have  in  consequence  been  thoroughly  mixed  up.  In  some 
places  the  upper  marl  has  slid  down  and  completely  covered  the  lower; 
in  other  places  the  lower  marl  is  in  its  proper  position,  but  the  upper 
has  slipped  down  below  it;  sometimes  the  two  are  in  direct  contact,  the 
upper  above ;  but  in  all  cases  a  careful  inspection  of  the  original  bluff 
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I  1.  InduratM  HsniU,  witL  a  line  of  boivlilers  at  tbe  baae.     This  ntmtiiui  ia  eiKlit  totoa 

feet  tbick  sttlio  warehouse,  but  ilowu  tho  river  it  Ihickcus  to  twenty  feet  or  more, 

and  a  Hecoad  line  of  femiginous,  indurated  boirlderB  appears  about  tan  feet  »l>or< 

'  the  lirst.     The  strata  above  this  apper  striu);  of  bowlders  are  more  distiuoti; 

I  laminated  a.ud  iaterbedded  with  thiu  ebeeta  »t  claj.     Thia  ta  most  clearly  sbown 

about  six  to  eight  f«et  above  the  api>cr  liue  of  bovrldera.    Taken  all  togotbct 

tkoreare about  30  f«et. 

B.  Light  bluish  gray,  sandy  cUj's,  whioh  are  somewhat  striped  with  harder  prcjdct- 

'  Ingsenms 33  to  40  feeL 

I  31  Sandf  marl,  coDtaluiug  the  Bell's  Landiog  fossila,  but  iii  badly  preAu-red  rondi- 

'.'        tion a  feet. 

_4.  Dork  blue,  mtiMive  clay 3  to  4  feet. 

6.  Thin  streak  of  groenaand,  with  YeiteriDarAia  plaHieotta  and  other  OcU's  I^anilitig 

..        fossils  to  water  level C  inch<-sor  niomi 

About  half  a  mile  below  the  lauding  there  is  a  low  bluff  capjivd  b.v 
1  the  upper  Btiing  of  bowldera  above  uientioned.  which  form  a  little  tor- 
race  forty  or  fifty  fcot  wide,  the  farthtr  limit  of  which  is  tunde  by 
another  low  bluff  of  secoad  bottom  deposits. 

The  lignite  which  occurs  about  thirty-five  to  forty  feet  above  the  uiarl 
bed  at  Yellow  Blufif^ind  at  Bell'a  Landing  was  uot  observed  nt  Tusca- 
houia.  those  parts  of  the  bliitf  where  it  would  be  looked  for  being  badly 
weathered. 
^  The  masBiveclay,  No.  4,  which  separates  the  two  parts  of  the  marl  bed, 
I  Is  everywhere  perforated  by  pholas,  and  in  moat  of  the  perforations  their 
flhelJs  are  still  to  be  found.  Mr.  T.  H.  Aidrich,  wlio  mudr  this  observa- 
tion, also  saw  these  shells  in  the  clay  which  occurs  below  the  lower  marl 
bed  at  IJell's  Landing. 

The  Tn.'4caho«iu  (I'.eH'.s  Landing)  marl,  with  its  accorniianyiiig  beds, 
may  be  followed  up  the  river  without  essential  interruption  to  Barney's 
Upper  Lauding,  as  shown  in  the  followinj^  section.s  (I'late  XVL  Fig.  0, 
p.  150) : 

{■j)  fieition  al  Tai-mi'^  Vin-y.   'l-mh;.jl;,-  V.hu- 

I.  ludiirnlcd  snuds,  No.  3cif  tlio  TiiscuhiJiiiit  srL(ii>i] .'.feet. 

li.  Miirl  with  badly  prrsiTveil  shells :i  lo  J  fr.^i. 

3.  ISluisb  day,  becoming  si.ii.lj-  lirl»«   :[  In  J  l,.,.i  „r  i..nre. 

From  Turner's  Ferry  tiiese  beds  rise,  going  upstream,  atid  at  the 
mouth  of  Shiii^uabowa  Ocek  they  give  the  following  section : 

(A)  SectiO}!  lit  Moalh  of  Sh,ui,u.ho\i<i  rre,k,  Toml.i'iUr  /.'i.,.-, 

1.  Grceusiand  marls , ;i  lo  4  foci. 

2.  Dark  bluish  black,  iiiassivo  tlay ■,'  (ot'l. 

3.  Hard  sauils,  jiossiJig  iiito  sandy  iday  In-low :,  leei. 

4.  Li(;ht  colored,  nearly  white,  troiu.  beititcd  samls,  about  '.i  IVi-l,  \t  ill.  :t  104  l.^et  below 

itofeauds  wilhelay  iiartfnt,'^,  in  all ti  lo  ^  A<t. 

Above  this  place  the  strata  sink  towards  the  ntnth,  and  at  Barnes's 
Upper  Landing  only  three  feet  of  the  beds  immediately  below  the  mari 
are  above  the  water,  as  seen  below. 
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(t)  Section  at  Barney' a  Upper  Landing j  Tomhighee  River. 


1.  Laminated,  siindy  clays,  striped  with  somewhat  harder  aud  more  clayey  seamB, 

in  all 15  to  20  feet. 

2.  Sandy,  fossiliferoiis  hed,  with  greensand  in  the  lower  parts,  more  clayey  above. 

The  fossils  in  this  bed  are  badly  preserved,  as  was  the  case  also  at  Tuscahoma, 
Tamer's  Ferry,  &c.,  but  are  the  characteristic  Bell's  Landing  forms 5  feet. 

3.  Dark  bluish  to  gray  clays  to  water  level 3  feet. 

From  BarDey's  Upper  Landing  to  the  mouth  of  Horse  Creek  no  Terti- 
tiaiy  strata  appear  on  the  river  banks,  but  just  above  that  point  the 
river  bank  is  formed  by  dark  gray,  clayey  sands  or  sandy  cLays,  which 
continue  up  to  Williams's  Gin,  where  they  overlie  the  first  of  the  beds 
containing  Gryphcca  thirsw  Gabb,  and  in  consequence  may  be  better 
classed  with  the  next  section. 

(4)     THE  NAXAFALIA  SERIES,   IXCLCDIXG  THE   COAL   BLUFF  LIGXITE 

The  series  of  strata  to  which  the  Nanafalia  marl  has  given  the  name, 
broadly  considered,  is  susceptible  of  threefold  division  upon  the  basis 
of  lithological  and  paleontological  characters,  viz  : 

First.  Forty  feet  or  more  of  indurated,  gray  clays  and  sandy  clays,  in 
part  glauconitic  and  rather  closely  resembling  some  of  the  materials 
of  the  Buhrstoue.  Near  the  base  of  this  first  division  there  are  hard, 
sandy  clays  filled  with  shell  casts,  chief  among  which  are  Turritellas 
and  Cythereas. 

Second.  Seventy-five  to  eighty  feet  of  yellow  and  reddish  and  whit- 
ish sands,  alternating  with  greensand  beds,  highly  fossiliferous.  The 
characteristic  shell  in  both  the  sands  and  the  greens  ands  is  Gryphcea 
thirsce  Gabb.  In  the  upper  fifty  or  sixty  feet  of  this  division  this  shell 
is  found  either  in  thin  greensand  beds  or  sparingly  distributed  through 
the  other  sands.  In  the  lower  twenty  feet  there  are  thick  greensand 
beds  literally  packed  with  these  shells.  The  greater  part  of  the  expo- 
sure atNanafalia  Landing  consists  of  greensand  beds  filled  with  Gry- 
phcca  thirsce  and  other  forms,  the  first  named  making  perhaps  90  per 
cent,  of  the  whole. 

Third.  Below  the  Gryphcea  thirsw  beds  follow  some  eighty  feet  or  more 
•f  sandy  clays  and  sands,  variously  iuterstratified,  cross  bedded  sands 
passing  near  the  base  of  the  division  into  greensands  which  overlie  a 
bed  of  lignite  varying  from  four  to  seven  feet  in  thickness. 

It  is  easily  possible  to  obtain  overlapping 'sections  which  embrace  the 
whole  series  of  about  two  hundred  feet;  thus  in  the  bluff  at  Gullette's 
Landing,  on  the  Alabama  River,  nearly  the  whole  of  the  two  upper 
divisions  are  represented,  while  on  Pursley  Creek,  a  few  miles  eastward, 
the  lower  part  of  the  second  division  and  the  whole  of  the  third  are 
shown  in  direct  contact,  the  whole  series  being  thus  represented  at  two 
localities. 

Between  the  heavy  bedded,  sandy  clays  exposed  at  the  base  of  the 
Lower  Peach  Tree  Bluff  and  those  which  are  seen  at  the  top  of  the 
bluff  at  Gallette's  Landing  there  is  a  series  of  glauconitic  clays  and 
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clayey  sauds  wliicb  have  a  teiiileijcy  tn  bnrden  iuto  pretty  firm  rocks, 
bariiig  a  strikiugroscmblAiiceto  some  of  the  materials  of  the  Buhratoue 
formation,  but  which  are  readily  distingnishtHl  from  the  latter  by  one 
familiar  wilh  both  of  them,  These  rocks  are  shown  ia  the  hills  which 
,  rise  immediately  bauk  nf  Oullette's  Laudiugaud  Black's  BliiS'(Aliibama. 
Kiver)  to  tlie  height  of  two  hundred  and  fifty  to  three  hundred  feet 
above  the  river  level,  ami  they  are  seen  again  in  the  Grampian  HtlUof 
Wilcos  Couuty.  We  have  not  as  yet  been  able  to  eonnpct  the  beds  at 
Lower  Peach  Tree  with  those  at  Gullotte's  Landing  by  an  overlapping 
section  which  inulmlos  a  partof  e^vcb,  aitd  there  is  therefore  a  little  un- 
certainty iva  to  the  precise  tbickuess  of  these  beds,  though  none  as  to 
their  quality.  There  is  very  little  donbt  that  the  lower  beds  of  the  Lower 
Peach  Tree  Bluff  are  cspoaediu  the  liills  back  of  Uullette'i*  Lauding  anil 
Black's  BInff,  bat,  as  already  said,  this  identity  is  not  absolntely  made 
out.  The  uncertainty,  however,  canuut  eoucevii  more  than  twenty  or 
thirty  feet  of  strata,  if  so  nincb.  Still,  it  is  much  to  be  regretted  that 
even  thissltghthiattisexists,  since  from  the  topof  the  White  Limestone 
down  to  this  point  every  foot  of  the  strata  has  been  exhibited  in  over- 
lapping eeclions,  so  that  there  is  not  the  slightest  room  for  doubt  as  to 
their  relative  position  or  thickness,  nor  is  there  the  slightest  room  for 
donbt  as  to  relative  iioaitiou  here,  but  only  as  to  exact  thickness. 

Before  giving  the  sectiou  at  Gullette's  BlnflT  Lauding,  some  notes  ooo- 

'   cerniiig  the  indurated  clays  and  sands  that  immediately  overlie  the  rooks 

at  the  last  tinmed  locality,  and  which  are  seen  in  the  Grampian  Tlilla, 

will  serve  to  bring  out  their  peculiarities,  especially  the  points  of  re- 

^eiiiblatice  between  them  aiid  certain  of  the  materials  of  the  Biihrslime. 

About  three  miles  south  of  Camden,  in  the  Grampian  Uills,  we  find 
the  following: 

(<i)  Seclioii  in  Grampian  IliU;  Xo.  I. 

1.  LiHbt-coloreil,  iirgilliu'^oii.s  »;iluI  ruuk,  Mutaiiiii.^'  ta-ts  of  r<jlh,ren.  furrUdla.  To- 

hdii,  &e.  Tliiii  [Kissi's  1>b1"iv  intuit  eliiyey  slriUiiiii,  wbii'li  in  imn  i,i  uinU-rl.iid 
by  a  iiaril,  fiiwly  roi'k  coutniiiiiis;  iiiauy  sliell  casts,  iianii-iilaily  ol  larritella  Hor- 
("HiCuu 5  feet. 

2.  Gray,  flayey  lie<l»,  lintntiug  iiitusiuiill  aiigiiUiriiLts 5  feet. 

;(.  Leilifu  (if  glaiicoiiitio,  clay  rock,  saiiiluT  lii-lmv  auil  liri'akiiiy;  by  joiiit.i  into  large 

.'iilioiUnl  blocks  of  toterablv  bard  samUluUi'.  ooiitahihi^r  also  a  ^n'at  iimiibL'i'  of 

shell  casts -2  f^et. 

4,  r.ray  clays  rosoiiibluit;  tliOHc  of  tbn  Biilir^tmu'.  bat  s..l"ti.T  aii.l  (riiiiibliii-   nior.i 

easily 15  f.el. 

5    (llancouitic   fan.ls,   in.larated,   filifil  with   tasis  of  Oniphia   Ihir^-  (;(>,■.(  o/  Ihe 

Orgpliira  lliirxii- hi-dt) -J  iVi^l. 

6.  Gr«eu9au<l  hviU,  wilb  [.erf.-ft  sbrlN  .>f  Cym.h.i.i  Ihiry,' 7  K. .«  If.-t. 

7,  Dark  gray  clays ~  In  3  ffrt. 

B.  Vellowisli",  calcareous  «an<ls,  witi:  i:>spka-a  Ihiym.   Fhibillnni.   rVw-ricnrrfm  flaxi- 

cv>la.  \e 4  tooUfct. 

9.  \h:\i>((!n,pk,i<iyh<-lU Ifoot. 

IC.  Vcll<i«-i.«Ii,  calcareous  sands,  ivitli  coutretiouary  bowlders,  coulaiuing  Crjiphia 

lliir^o' and  ^a.^ita  of  other  bUpUs C  to  •<  iVri 

iliilf  ii  mile  liirther  south,  other  beds  overlying  No,  1  of  the  above 
are  seen,  as  sliowii  below. 
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(&)  Section  in  Grampian  HilUy  No,  2*. 

1.  Whitish,  sandy  rock,  indarated,  containing  shell  casts 1  foot. 

2.  Whitish  clay  rock 1  foot. 

3.  Hard  ledge  of  sandy  rock,  with  casU  of  Tarritella,  Cytherea.  &.c 2  feet. 

4.  Gray  clays,  indurated,  anfl  greatly  resembling  some  of  the  Buhrstone  clays, 

10  to  15  feet. 

5.  Ledge  of  indnrat'Cd  glanconitic  clay,  the  lower  12  or  18  inches  of  which  are  sandier 

and  filled  with  shell  casts,  mostly  of  Turritella  Mortoni  Con.,  same  as  No.  1  of 
preceding  section 3  to  4  feet 

6.  Gray,  crumbling  clays,  with  indurated  ledge  of  hard,  glanconitic  clay  in  cen- 

ter  G  feet. 

7.  Hard  ledge  of  glanconitic  clay  or  sandstone  breaking  by  joints  into  large  cuboidal 

blocks 4  feet  or  more. 

8.  Laminated  gray  clays  resembling  those  of  the  Bnhrstone,  breaking  up  into  email 

bits 12  feet, 

9.  Glanconitic  sands,  indurated,  containing  casts  of  Gryphasa  thirsce  in  theupperpart 

and  perfect  shells  ofthe  same  in  the  lower  part 1  foot. 

10.  Greensand,  with  occasional  shells  of  Gryphata  ihirscB 5  feet. 

11.  Yellowish  sand  filled  with  shells  of  G-ryphosa  thince 1  foot. 

12.  Laminated,  yellowish  sands,  with  a  few  shells  of  Gryphtea  thiraas 4  feet. 

The  relations  between  these  two  sections  and  the  others  which  ex- 
hibit the  same  strata  are  more  clearly  seen  in  Plate  XVII,  Fig.  2,  p. 
163,  which  is  a  representation  of  the  two  preceding  profiles  combined. 

The  Grampian  Hills  extend  westward  to  the  river  at  the  Lookoat, 
which  is  a  cliflf  reaching  fully  276  feet  above  the  river  level.  This  cliff 
is  half  a  mile  or  more  above  Gnllette's  Landing,  and  in  its  lower  half 
the  beds  which  make  the  bluff  at  Otillette's  Landing  are  exposed  by  a 
landslide  in  a  perpendicular  section  of  nearly  150  feet.  Above  this  a 
very  steep,  almost  precipitous  hill  rises  125  feet  higher.  In  this  npi>er 
part  of  the  hill  the  rocks  are  not  clearly  exposed,  but  they  consist  of 
gray,  laminated  clays,  interstratified  with  heavy  bedded,  massive  clays, 
tiuch  as  are  seen  in  the  lower  part  of  the  Lower  Peach  Tree  Bluff,  vrtth 
which  they  are  probably,  in  part  at  least,  identibal.  No  fossils  were 
discovered  in  these  clays,  which  include  in  places  indurated  bowlders 
of  calcareous  sand.  In  the  lower  part  of  the  hill,  hard,  glanconitic, 
aandy  clays  with  shell  casts  are  abundant  and  correspond  in  position, 
as  well  as  in  other  respects,  to  those  represented  in  the  upper  members 
of  the  two  preceding  sections. 

At  GuUette's  Landing  a  cut  has  been  made  for  the  cotton  slide  and 
tramway  down  to  the  river  level  through  the  strata  of  the  bluff,  which 
are  thus  very  clearly  exposed  almost  as  if  in  a  vertical  wall. 

(c)  Section  at  Gullette^a  Landing,  Alabama  River .    (Plate  XVII,  Fig,  1,  p.  1C3.) 

1.  Drift  and  loam 10  feet. 

"2,  Indurated,  glanconitic  clay,  forming  ledge 3  feet. 

3.  Gray,  sandy  clays,  thinly  laminated  and  heavy  bedded  alternating 12  feet. 

4.  Glanconitic  sand,  very  green  in  places. 2feet. 

5.  Gray  and  sandy  clays,  like  No.  3 20  feet. 

6.  Glanconitic.  sandy  ledge,  fogsiViferous  (the  first  ofthe  Gryphcea  thiraof  beds).. 3  feet. 
7    Compact;  yellowish  sands  holding  Gryphcea  f Atr«(B,  and  forming  a  vertical  cliff, 

capped  with  an  indurated  le  l^e  a  foot  in  thickness 13  feet. 

(205) 


54  TERTIARY   AND    CRETACEOUS    STRATA    OF    ALABAMA. 


M 


8.  Indnrated  sandy  ledge 9  fpet- 

-    9.  WLilc,  troas  bedded  Banils 12  feet. 

10,  Bliiiah  s^iuda,  forjiiingu  THrtU'Oil  cliff,  Tbiwo  outain  niiiubcTs  of  Gryplitra  IhirKf 
nud  have  au  indurated  ledge  in  the  ^nidat  of  the  bed,  and  one  at  tbe  bot- 
tom  1 SOttbU 

11.  Blalab,  clayey  aand^i  coutaiuing  a  few  GrupKiKa 10  feet. 

18.  Sands  ooatalning    Grj/phaa   Ikirtie,   traversed  by  several  Indarated  projecting 

ledgoa;  materials  are  of  darker  ooluraod  more  clayey  below  to  water  level.. 'JO  feet. 

At  BInck'a  Bluff,  Alabama  Rirer,  about  a  mile  or  less  below  Gul- 

lette'i)  Landing,  there  is  a  similar  sectiou,  wtiicli,  however,  is  not  so 

'  clearly  exposed.  Above  tbe  waroliouso  at  ttiia  landing,  tbe  strata  are 
tfae  same  ah  those  .it  tbe  top  of  the  bluff  at  GuUettc's  Landing,  but 
there  have  boeu  many  landslides,  by  which  the  relative  thickness  and 
positions  of  the  beds  here  are  obscured.     Between  these  two  places 

I  the  river  flows  approximately  along  the  strike  of  the  strata,  which, 
however,  do  not  lie  horizontal,  but  show  one  or  two  nndatatioDS  with 

I  twenty  or  thirty  feet  wave  height, 

Tbe  actual  contact  of  the  strata  of  the  Bell's  Landing  and  tbe  Nana- 
&Iia  series  fails  to  appear  in  the  blufl'j  of  tlie  Tombigbee  River  also,  as 

'  maybe  seen  in  what  follows.  From  Barney's  Upper  Landing,  described 
in  the  preceding  section,  up  to  the  mouth  of  Horae  Oreek,  no  Te  rtiary 
beds  appear  in  tbe  river  banks.  Juat  above  the  mouth  of  this  creek 
grayish,  sandy  clays  occur  similar  to  tho^e  which  make  up  the  lower  50 
•feet  of  the  Lower  Peach  Tree  Bluff,  jvnd  these  clays  may  be  traced 
foot  by  foot  up  the  river  or  northward  to  Williams's  Gin,  half  a  mile  or 
80  below  Gay's  Lauding,  where  they  are  seen  overlying  the  first  of  the 
beds  holding  GrgplKca  thirxcc.  A  section  of  these  strata  i.s  given  below. 
(See  riitte  XVN,  I'i^'.  4,  jt.  1G3.) 

The  grayisli,  sanily  clays  wliich  overlie  these  Gryphjea  beds  are  un- 
doubtctlly  the  same  as  those  at  Lower  Peach  Tree,  but  here  also  the 
exact  thickness  cannot  bo  nieasuretl  because  of  their  failure  to  appear 
in  the  banks  of  the  river.  Still,  unless  in  tiiis  short  distance  of  less 
than  a  mile  there  is  a  fault  or  a  very  violent,  dcciileil  change  in  the  dip 
of  the  strata,  the  thickness  of  the  beds  not  esjioscd  ou  tbe  rivi'r  cannot 
be  nineh  more  than  lifly  feet,  if  so  niiiuh,  , 

The  strata  exposed  at  Williams's  (lin  iiiid  alon-  the  rivrr  f>.r  lialf  a 
m;ieni>  to  Gay's  Landing  arc  as  follows  {see  Plate  XVII.  F;-  t,  ]>.  uy.if. 

((f)  St,-lio«  from  mihamx'x  din  t«  '.'rr./^  !.n«tiiii'j.  T.,.,il.i.jl.,.-  J:h;r. 
I.  Gray,  sandy  elaya,  Ihin  lieddcd,  reddi-li  on  jiiint  plum's,  piiBxiiig  btlnn-  hjio  nii 

indurated  ledgo  of  li^].tero.il»r r^  fwt. 

About  20  feet  umre  of  eiuiil:ir  windy  clays  iijumir  i.i  tl.n  banks  of  tlio  river, 
lietween  tbe  montli  of  Horse  Creek  and  Williatiin's  Gin,  as  above  mentioned, 
makiDt;tbe  wbole  tbivknc^nctuiilly  exposed  uu  t bis  river,  bctneun  theIo])of  tba 
Grypliu'a  beds  and  the  bottom  of  tlie  Bell's  Lauding  marl  at  Barney's  Ui>pcr  Land- 
ing, abont  tbirly  fi'Pt.' 
'In  bed  No.  1  above  1  found  a  Hpeciineu  of  I'alHta  Xtircombiaiia  Whitlield,  wbirb 
lierolofore  was  seen  only  in  tbe  Bell's  Laudiii<{  in]irl  bed  uud  which  soenied  to  be 
MiuTacleristic  of  it.—  E.  A.  !^. 
^  (2(101 
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2.  Indarated,  glaaconi tio  bed,  with  Gryphcta  thirsm 2  feetr 

3.  Dark  blae,  nearly  black  Jointed  claysi  with  thin,  hard  ledger 6  feet. 

4.  Indurated,  sandy,  fossiliferons  bed,  with  a  few  Gryphcea  and  other  forms. 2  to  3  feet. 

5.  Bluish  black  clays,  with  ferruginous  concretions  at  base 3  feet. 

6.  Oreensand  bed,  with  Gryphcea  ihirace  to  water 3  feet. 

Above  Gay's  Landing  there  is  a  long  stretch  of  several  miles  in  which 
no  Tertiary  rocks  show  on  the  river  banks ;  but  at  Lett's  Ferry  the 
Oryphaea  beds  make  their  appearance  again  and  may  be  followed  thence 
withont  material  interrnption  to  Enreka  Landing  and  to  Nanafalia,  a 
distance  in  all  of  perhaps  two  miles. 

These  exposures  exhibit  the  following  details: 

(e)  Section  at  Lotfs  Ferry,  Tomhighee  River.    {Plate  XVII,  Fig,  4,  p,  163.) 

1.  Dark  gray,  nearly  black,  sandy  clay,  weathering  light  gray,  containing  a  few 

fossils 5  feet. 

2.  Indurated,  sandy  marl,  containing  Gryphcea  in  places.    This  bed  varies,  being  in 

part  a  cross  bedded  sand  devoid  of  fossils 3  feet. 

3.  Dark,  sandy  clays,  with  a  few  very  badly  preserved  fossils 2to3  feet. 

4.  Glauconitic,  sandy  beds,  with  Gryphwa  ihirsoB,    This  bed  is  only  a  few  feet  thick 

at  Lott's  Ferry,  but  just  above  shows 20  to  30  feet. 

All  the  Tertiary  beds  about  Lett's  Ferry  exhibit  decided  undulations. 
Bed  No.  4  of  the  preceding  section  sinks  entirely  below  the  water  and 
rises  again  20  feet  or  more  above  it  within  the  distance  of  a  few  hun- 
dred yards.  All  these  beds  probably  overlie  the  section  at  Nanafalia 
below  given. 

At  Enreka  Landing  there  are  some  20  to  25  feet  of  a  glauconitic, 
sandy  marl  (probably  the  same  as  part  of  the  upper  bed  at  Nanafalia) 
filled  with  Oryph(va  thirsce^  associated  with  very  few  other  forms.  This 
makes  a  tolerably  firm  rock,  which  appears  in  vertical  bluffs,  usually 
capped  by  hard  ledges  of  the  same  material,  and  these  ledges  are  mostly 
strongly  phosphatic.^ 

At  Nanafalia  we  have  the  lowermost  of  the  Gryphiea  beds,  as  shown 
in  the  following  section  : 

(/)  Section  at  Xanafalia  Landing,  Tomhigbee  River,    {Plate  XVII,  Fig,  4,  p.  163.) 

1.  Greensand  marl,  highly  fossiliferons,  containing  chiefly  Gryphasa  thirsoB  Qabb,  but 

holding  also  Turritella  Morioni  Con.,  Flahellumy  and  a  few  other  fossils.  This 
marl  makes  a  tolerably  firm  rock,  with  a  line  of  indurated,  projecting  bowlder- 
like masses  12  to  18  inches  thick  of  nearly  similar  material  along  tbe  whole 
length  of  the  bluff  and  near  the  middle  of  the  bed about  20  feet. 

2.  Dark  blue,  almost  black,  laminated  clay,  devoid  of  fossils,  but  passing  below  grad- 

ually into  a  bluish  marl 3  to  4  feet. 

3.  Bluish  greensand  marl,  with  a  few  shells  in  the  upper  3  or  4  feet,  but  more  highly 

foflsiliferous  below.  This  bed  contains  a  great  variety  of  beautifully  preserved 
and  easily  detached  fossils.  The  fossils  can  be  collected  only  during  very  low 
stages  of  the  water 8  to  10  feet. 

1  Specimens  of  the  indurated  ledges  of  the  Gryphcea  thirsce  beds  from  Nanafalia  and 
Eureka  Landiqg,  collected  in  1884  by  Mr.  Langdon,  prove  to  be  very  decidedly  phos- 
phatic;  one  of  the  specimens  analyzed  quantitatively  contained  6.7  per  cent,  of 
phosphorio  acid. 

(207) 


66  TEETIARV    AND    CHETACEOL'S    STRATA    OK    ALABAMA.      [i>t-Li.« 

The  view  (Plate  VIII)  sliowa  clearly  tlie  greensaml  No.  1,  witli  its 
line  of  iudurated  bowlders  almig  tlie  center.  The  large  rocks  in  fore- 
grontid  are  pnrt  of  this  iudurated  marl. 

Tbe  Jfanafalia  marl,  like  tbat  of  Wood's  Bluff,  ia  otic  of  our  most  im- 
portaut  geological  laDdmarks,  both  because  of  its  tendency  to  form 
by  iiiduratiou  tolerably  flrm  and  weather  resisting  rocks  and  because 
'of  tlie  influence  which  it  exerts  upon  the  soils.  If  there  weru  any  doubt 
as  to  the  agricultural  value  of  either  the  Wood's  Bluff  or  the  Nauafalia 
uarU,  it  would  bo  disi»elled  by  an  inspection  of  the  fertile,  naturally 
marled  soils  produced  where  these  beds  come  to  the  surfrtco  across  tbe 
country. 

About  CO  feet  below  tbe  lowermost  of  the  beda  containing  Grgptuva 
(Jit»-K(»,abovede3cribed,thereisani[uportautbedof  lignite,  which  shows 
a  thickness  of  4  feet  at  Coal  Bluff,  on  the  Alabama  River,  and  of  7  feet 
at  Landrum's Creek,  in  Marengo  Coauty,  nearXanafiilia  Lauding.  This 
lignite  appears  uLsoat  many  localities  in  Marengo  and  Wilco  x  Conntiea, 
e.  g.,  near  Shiloh,  Magnolia,  Hampden,  &c.,  always  in  conuecliou  with 
the  Gryphtea  beds,  the  latter  on  the  aummita  of  the  hills,  tbe  former 
60  feet  below  in  the  branches;  and,  as  the  Gryphsea  marl  usually  pro- 
duces very  characteriatic  limy  soils,  it  is  not  diMcult  to  trace  it,  ns  well 
as  tbe  lignite,  across  tbe  country. 

Between  tbe  Grypheea  beda  and  the  lignite,  the  ettata  are  chiefly 
Bands,  mostly  glauconitic,  alternating  with  sandy  clays  of  gi-ayish  colors. 
Tbe  grceusaiids  when  weathered  appear  as  yellowish  or  fernigiuons 
sands,  and  this  is  tbe  prevailing  color  upon  the  bills,  while  some  shade 
of  green  or  bine  characterizes  them  near  the  drainage  level,  where  oxi- 
dation i.s  less  complete.  None  of  these  beds  are  seen  on  tiio  iiuruediaii" 
banks  of  llio  Tombigbee  Kivcr,  and  only  about  30  feet  immediately 
overly  injj  the  Usui  to  occur  on  the  batiks  of  the  Alabariui;  but  they  may 
all  be  si'cn  in  direct  superposition  in  tbe  hilU  whirb  border  I'tirsley 
Creek  ou  the  south,  wltere  they  are  laid  bare  by  the  road  leadiuj;  from 
Black's  Uliiif  to  Camden. 

This  section  is  complete,  as  may  be  seen  below. 

(3)  .-.VW/oii  OH  I'arehg  rieck.   ir,koi  Vounln.     {Plale  AT//,  I'iy.  :■.  }i.  ll.:i  ) 

1.  Drift  .iiiil   Iniim  nn.l  otlii'r  l.eiis,  iiincli  woaflieroii   and   not   fiirtlier  p.irticiil.ir- 

izeil 10l.)i:.  f.vt. 

•2.  I):.rke<.]<.re.l,  cniiiiWiiiBcliiys :.  f-',l. 

■A.  S.-iTiasc..iilaiiiiii^'r;rvj.J..pn(A;r,.p.q,i.iafe\votll.Tr,issil9 T,  IW-l, 

4.  Tbin  l.f.l.li-il  saiiiU  and    r-aii<i>-   iliiys,   partly   sliii"-"iiili*',  «iib    a    IVvv   ol.s.ur,' 

5.  Yellowiali  sray,  crow  \wi\A.-A  wni.Is,  wilh  coi.evtio.iary  l.oivi.l.Tu  of  (lip  s,ii-io  lm:i- 

teri.il.  'nie«!8ainlslu>lilalM>atiutiTV!ilsl..iitiniliirBliePt'n)l"Krayt}ay.-jr,i.i30f.ii. 
G.  Iiit-TstratilU'd  sands  aurl  cNiys,  i.f  ^T.ivUb  oL.r  «  iili  a  ^Iml.'.if  .\WU.«-,  railnTtlm, 

bedded -... 10  to  i:>U<-l. 

7.  Gray.MH.Iy  i'l,iy«,  es:i>osed  imlio  iinnu-iliato  b;iMksol' Piirslry  Cm-k  1..-1..W  tin' 

liriilp' 6  to  8  feet. 

a   LigULtic  elay,  tbicki.,"sH  „..t  .l.-lrrnij,,..!. 

(JOS) 
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Along  the  Alabama  River  no  Tertiary  strata  are  to  be  seen  from  near 
Gullette's  Bluff  to  the  mouth  of  Pursley  Creek.  Just  above  the  last 
named  point,  however,  there  is  a  continuous  exposure  of  these  strata  up 
to  Coal  Bluff,  as  shown  in  the  following : 

(h)  Section  between  mouth  of  Parsley  Creek  and  Coal  Bluff.    {Plate  XVII,  Fig,  l^p,  163.) 

1.  Greeosaiid  at  montli  of  Parsley  Creek 5  feet. 

2.  Sands,  with  an  indurated  ledge  one  foot  thick  at  top 3  feet. 

3.  Laminated,  clayey  sands,  with  a  hard  projecting  ledge  at  top  and  one  or  two  lower 

ones.... - 6  feet. 

4.  Indurated  greensand,  forming  a  ledge 3  feet. 

5.  Qreensand  of  softer  texture,  easily  washed  out  by  the  waters  and  forming  shal- 

low caves  below  the  preceding 5  feet. 

6.  Greensand  of  firm  texture,  with  a  bed  of  brownish  sand  one  foot  thick  at  the 

base 8  feet. 

7.  Lignite  of  Coal  Bluflf 4  feet. 

8.  Firm,  sandy  clays  appearing  just  above  tbe  Coal  Blutf  Landing 10  feet. 

These  beds,  as  exposed  on  Landrum's  Creek  (Sec.  23,  T.  14,  B.  2  £.), 
are  as  follows : 

(t)  Section  on  Landrum's  Creek,  Marengo  County.    {Plate  XVII,  Fig,  4,  |).  163.)     * 

1.  Bluish  green,  micaceous  sands 12  to  15  feet. 

2.  Lignite : 7  feet. 

3.  Dark  gray,  sandy  clay - a ..2  feet. 

The  lignite  here  also  is  60  feet,  by  barometric  measurement^  below 
the  lowermost  of  the  Gryphsea  beds,  which  may  be  seen  ou  all  the  hills 
in  the  vicinity,  where  they  produce  limy  soii^  of  great  fertility.  In 
most  of  these  limy  soils  are  embedded  rounded  or  water  worn  fragments 
of  indurated  marl. 

In  many  places  in  Marengo  County  and  elsewhere  the  greensands 
overlying  the  lignite  are  thoroughly  oxidized  iuto  a  brown  iron  ore. 
This  may  be  seen  near  Magnolia,  near  Hampden,  and  near  Dumas's 
Store. 

(5)   THE  NAHEOLA  AND   MATTIIEWS'S   LANDING  SERIES. 

The  strata  which  make  up  this  series  are  mostly  gray  sandy  clays 
alternating  with  cross  bedded  sands,  with  a  bed  at  the  base  of  the  sec- 
tion containing  marine  fossils,  and  consisting  of  glauconitic  sands  and 
dark  gray,  nearly  black,  sandy  clays.  The  thickness  of  these  strata 
varies  from  west  to  east,  being  150  feet  or  more  on  the  Tombigbee 
Eiver,  and  not  more  than  125  or  130  at  Oak  Hill,  in  Wilcox  County. 

In  1883  we  failed  to  establish  the  identity  of  the  Naheola  marl  on  the 
Tombigbee  with  that  of  Matthews's  Landing  on  the  Alabama,  for  the 
reason  that  at  the  former  place  the  upper  part  of  the  marl  is  most  con- 
spicuous, and  was  the  only  part  examined  by  us,  while  at  Matthews's 
the  bluff  is  made  up  of  the  black  or  dark  gray  sandy  clays  which  form 
the  lower  part  of  the  marl  bed.  In  the  summer  of  1886  I  made  a  re- 
examination of  the  exposures  along  the  Tombigbee  Biver,  and  found  at 
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I   Halioola  the  black,  clayey  marl,  identical  both  in  matf rial  and  in  fossil 
.  eonteittB  with  that  at  Mattbews's. 

On  the  Tombigbeu  River  tliere  are  do  Tertiary  rocks  exposed  in  tlie 
I  river  btnSii  between  Nanat'alia,  which  lies  near  the  base  of  the  preceding 

BectioD,  and  the  month  of  Beaver  Creek,  a  ilistauco  of  about  four  ojiles. 

With  an  assamed  uniform  dip  of  some  30  feet  to  the  mile,  this  would 
I  indicate  a  thickness  of  about  120  feet  of  strata.  But  from  the  undula- 
I  tious  seen  at  Lett's  Ferry  (below  Nauafalia)  and  elsewhere  along  this 

river,  it  is  known  that  the  dip  is  not  nuiform,  and  the  thickuess  of  the 
I  missing  beds  is  probably  less  than  the  estimated  120  feet. 
'       Prom  the  mouth  of  Beaver  Creek  to  Xaheola  there  is  an  almost  cou- 
I   tinuous  exposure  of  Tertiary  rocks  along  the  river  bank,  embracing 

about  80  feet  of  strata,  making,  with  the  120  feet  estimated  above,  200 
'  feet  intervening  between  the  base  of  the  Nanafalia  miirl  and  the  top  of 
I  the  Saheola  marl.  Of  these  200  feet  we  know  from  exposures  on 
I  Landrum's  Creek,  in  Marengo  County,  and  on  Pnrsley  Creek,  iu  Wilcox 
1  Conuty,  the  uppermost  60  feet  (viz,  from  the  base  of  the  Nauafalia  marl 
I  down  to  the  Coal  Bluff  ligrnite),  while  at  Oak  Hill  (see  below)  we  have  a 
'  ijlear  profile  embracing  at  least  130  feet  immediately  overlying  the 
'  Kaheola  marl.    This  would  leave  only  about  10  feet  of  unknown  beds  at 

I  the  top  of  our  Is'aheola  section,  and  it  is  altogether  probable  that  the 
Pnrsley  Creek  and  Oak  Hill  sections  embrace  the  entire  series. 
The  strata  which  make  all  the  blutts  between  the  mouth  of  Beaver 
Creek  and  Naheola,  as  well  as  the  upper  part  of  the  bluff  at  the  last 
named  place,  consist,  in  descending  orier,  of  about  20  feet  of  course- 
grained  micaceous  sands,  with  projecting,  indnrated  bowlders  of  sand- 
stone (no  fossils  observed),  with  thin  clay  partings  at  intervals;  bi'Iow 
these,  aliont  10  feet  of  strongly  cross  bedded  sands,  seen  in  the  binlis  just 
below  Tompkinsville,  and  underlying  this  to  Xaheola,  himinaled  sandy 
clays  traversed  by  layers  of  lighter  colored,  sandier,  and  indurated 
materials;  no  fossils  observed.  It  isdiificult  togive  a  close  estimate ol' 
the  thickness  of  these  last  named  beds,  but  it  is  not  less  than  ^0  or  CO 
feet,  and  may  be  SO. 

The  section  (see  i'late  XVIII.  Fig.  3,  p.  107)  represents  the  succession 
and  tiiiality  of  the  beds  along  this  stretch  of  ihe  river. 

The  lowest  of  these  gray  sandy  clays  aie  seen  at  the  top  of  the  blufi' 
at  Saheola,  a  fi-w  miles  above  TompkirisvilK-,  where  tlu-y  are  underl;iid 
by  a  marl,  and  black  ahaly  clays  at  Xaheohi,  as  shown  iu  the  foUowiiii; 
section : 

Seclion  al  Xalwola.  l-jmUuihec  Uircr,  S,C-  :U,  T.  V;  H.  1  E.{nffU  Will,  I'ig.  :t,  j..  Ii-.i 

1.  Lauiiualcti,  gru.v,  nau'ly  l'Ih.vh,  K-irh  t' 

inches  (hick,  oi'  lij^liter  colurcil,  sati.U. 

a.  Ledgoof  (,Teen*ani],  oxiilized  iulo  ;i  iiru 


TVH 

iuauriilo.l  i.--.li;es  c-iglit 

I»l3. 

ISto', 

ore. 

if  irregular  lliickiiesa, 

eiDTH 
J0H580X 


^5f]       NAHEOLA  STRATA  ON  TOMBIGBEE  AND  ALABAMA.  59 


3.  Black,  slialy,  sandy  clay 3  feet. 

4.  Ledge  like  No.  2,  oi  irregular  thicknefis 6  inches. 

5.  Greensand  marl,  the  upper  part  indurated,  forming  a  kind  of  limestone.    Both 

the  indurated  marl  and  the  limonite,  or  oxidized  greensand  above  it,  hold  fos- 
sils, prominent  among  which  are  an  Jroa,  a  Vtnus,  Pectunculus  Broderipii  Lea, 
Turritella  Mortoni  Con.,  Cardita  alticosta  Con.,  and  Venericardia  rotunda  Lea, 
Boitellaria  trinodifera,  &,c.  All  the  fossils  are  badly  preserred.  Thickneos  of 
bed about  3  feet.^ 

6.  Black,  slaty  clay  like  that  occurring  on  the  river  above  this  point  to  Black 

Bluff 10  to  15  feet. 

Half  a  mile  or  so  below  Nabeola,  just  below  Marengo  Shoot,  the  mart 
bed  No.  5  occurs  at  the  water  level,  and  at  Kemp's  Landing,  a  short  dis- 
tance above  Naheola,  the  marl,  with  its  overlying  ferruginous  concre- 
tions, is  again  seen. 

On  the  Alabama  Kiver  the  Tertiary  beds,  corresponding  to  those  just 
described  in  the  vicinity  of  Tompkinsville,  occur  between  Coal  Bluff 
and  Clifton,  a  distance,  by  the  river,  of  10  or  12  miles.  On  this  river 
there  are  many  interruptions  in  the  continuity  of  the  Tertiary  blufEs^ 
so  that  it  would  be  impossible,  from  the  exposures  along  the  river  alone, 
to  get  any  clear  idea  of  the  stratigraphy.  All  this,  however,  is  made 
good,  as  will  be  seen  above,  in  the  sections  obtained  at  Oak  Hill  and 
on  Pine  Barren  Creek,  in  eastern  Wilcox  County. 

The  Tertiary  beds  make  the  bluffs  of  the  Alabama  Biver  at  a  few 
localities  mentioned  below  and  exhibited  in  Plate  XVIII,  Fig.  2,  p.  167. 

At  Burford's  Landing,  NW.  J  of  Sec.  5,  T.  11,  R.  7  E.,and  just  above 
it  in  Sec.  32,  T.  12.  R.  7  E.,  there  are  low  bluffs  of  laminated  and  cross 
bedded  sands,  alternating  with  thin  seams  of  gray  clay. 

At  Walnnt  Bluflf,  below  the  mouth  of  Turkey  Creek,  the  banks  are 
of  light  colored,  yellowish,  cross  bedded  sands,  and  above  Turkey  Creek 
a  laminated,  sandy  clay  like  so  much  of  the  material  occurring  about 
Tompkinsville.  These  clays  are  devoid  of  fossils  and  continue  up  to 
Clifton,  with  very  variable  dip,  the  beds  being  sometimes  horizontal, 
sometimes  strongly  inclined  (nearly  one  foot  in  ten),  but  the  average 
dip  is  much  less,  probably  somewhere  near  one  in  two  hundred.  It 
thus  becomes  very  difficult  to  sum  up  the  thickness  of  these  sandy 
clays,  both  because  of  variable  dip  and  because  the  bluffs  are  not  con- 
tinuons. 

At  Clifton  the  bluff  is  75  feet  or  more  in  height,  the  greater  part  of 
the  slope  being  of  drift  sands,  &c.,  while  the  Tertiary  clays  at  the  base 
of  the  hill  are  only  about  10  feet  in  thickness. 

1  During  tbe  summer  of  1886  this  bed  was  more  closely  examined  than  iu  1883, 
with  the  result  of  finding  in  its  lower  part  a  great  number  of  the  characteristic  Mat- 
thews's  Landing  fossils.  Wherever  this  bed  has  been  exposed  to  the  weather  it 
crumbles  down,  liberating  the  shells  exactly  as  at  the  last-named  locality.  In  1883 
oar  attention  was  confined  to  the  upper  part  of  the  Naheola  bed,  with  its  badly-pre- 
served shells  in  a  greensand  matrix  ;  and  thus  the  identity  of  this  bed  with  that  at 
Matthews's  Landing  was  not  so  clearly  seen. 
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About  one  mile  above  Cliftou,  on  the  left  baiik,of  the  river,  there  ia 
a  lowblair  of  black  clays,  wliich  exteiitla  about  a  mile  up  the  river. 
These  claj-a  have  uot  been  closely  examined,  but  tht-y  appear  quite  sim- 
ilar to  those  better  seeu  higher  up,  at  the  mouth  of  Dickson's  Creek, 
where  a  bluish  b];ick,  micaceous,  sandy  clay,  holding  many  linely  pre- 
served foesil.s,  forms  the  right  bank  of  the  river.  This  is  the  same  bed 
as  that  which  makes  the  top  of  the  bluff  at  Matthews'a  Lauding,  a  mile 
or  two  higher  up  the  river,  where  we  get  the  following  good  section  of 
thia  importaut  deposit : 

(o)  SeoUm  at  Mtttlkew't  Laadita,  Alabama  Biiw.  norlhtn  pari  of  Seo.  1-2,  T.  1%  B. 
6  E.    IFhtt  XFIII.  rig.1>,p.  li>7.) 

I,  niiiisli  or  gnJeiiUh  bliwk,  micaceous,  cliij-ey  saiiil,  with  finely  ;irMorvi<tl  TiMaik, 
viT;  dark  nhen  wel,  bitt  lieconiltig  grByinii  bliiH  uii  drying;  cruiiiblca  upon 
cxposeil  Blo{te8,  liberating  the  fowila,  nbicti  li«  iu  tb?  crumbs  thus  jiriHluced. 
This  is  capped  by  on  indurated,  sandy,  coDcretiouary  ledge.'  The  thickaen 
or  the  mad  deposit  is about  5  to  G  teet. 

a.  Gray  aaoda  trith  a  slightly  yetlowiiih  cast,  showing  a  great  leudenoy  to  iudnrste 
iDto  teuB-Rhapcd  bowlders,  1  to  2  feet  thick  aod  3  to  4  feet  wide.  The  luiad* 
are  also  foasillferoua, hat  much  less  so  than  the  preceding;  the  foMi la  are  diffi- 
cult tnget  oiit  because  of  the  hardncsa  of  the  naterial 3  to  4  feet. 

3.  Bluish,  micaceons,  clayey  sand,  much  like  Ko.  1,  but  not  holding  all  of  its  charac- 
teristic foBsila.  'Where  this  stratum  lies  exposed  to  the  sun  and  weather  npon 
flat  or  nearly  faorlKontal  benebes,  it  disintegrates,  tike  No.  1,  into  ammbs,  in 
vrbich  the  liberated  fossils  lie  loosely,  but  where  it  forms  vertical  bluBs,  it  is 
tirm  ami  compact  and  resembles  black  clay    .   ... T  to  S  feet. 

This  lowermost  bed  is  aaudy  above  aud  clayey  below,  and  the  mate- 
rial of  the  whole  liUiff  might  bo  better  ilescribcd  as  a  bluish  black, 
.sandy  clay,  diviilcil  into  two  parts  by  a  bed  of  calcareous  Siind,  which 
reaches  up  into  the  upper  chiy  bed  and  down  into  the  lower  by  gradual 
transition.  The  beds  which  compose  this  bluftare  seen  along  the  river 
for  a  mile  or  more,  aud  are  ai)prosimateIy  horizontal  in  position,  since 
the  river  i[i  this  part  of  its  course  runs  iu  the  direction  of  the  strike  of 
the  beds. 

Tlie  Matthews's  Landing  marl  bed  is  seen  eastn-ard  of  the  Alabama 
River  at  very  many  places  iu  Wilcox  County,  uiid  it  holds  usually  a 
numlier  of  well-preserved  fossils.  Xcar  Mr,  Clarence  Jones'.s,  7  miles 
cast  of  Camden,  on  tlie  AUenton  road,  there  arc  a  good  many  expos- 
ures of  this  marl  bed  iu  the  gnllies,  and  we  get  a  very  fair  eoction 
of  some  30  feet  of  the  underlying  rock.  At  Oak  Hill  aiul  in  Dale's 
Branch  {see  below)  we  have  other  good  outcrops  of  the  marl.  The 
considemtion  of  this  fine  section,  which  includes  also  the  nndcrlyiug 
beds  down  to  the  base  of  the  Tertiary,  we  shall  leave  till  after  the  de- 
scri|)tioa  of  the  occurrences  along  the  two  rivers, 

'Tbin  is  proUiibly  HTiH  nnbo  glaiic..iiitic,  ■■ou.Tet.ou-lormLiif;  «^iid,s  wuwh  are  »>, 
charai'Icristic  of  the  mail  uf  X:ilico1a. 
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(6)  THE  BLACK  BLUFF  8ERISS. 

# 

This  section  has  beeu  named  from  its  most  characteristic  exposure  at 
Black  BluflF,  on  the  Tombigbee  River,  in  Sec.  12,  T.  16,  R.  1  W.,  in 
Sumter  County,  which  is  as  follows : 

(a)  Section  at  Black  Bluff,  Tombigbee  Biver,    {Plate  XVIII,  Fig.  3,  p.  167.) 

1.  Yellowish  clay,   whicli  makes  the  basis  of  the  Flatwoods,   occupying  top  of 

bluff about  i20to25feet. 

2.  Black,  slaty  clay,  fossiliferoUs 40  feet. 

3.  Brownish  shale  or  clay  to  water  level 8  to  10  feet. 

The  black  clay,  No.  2,  contains  marine  fossils,  the  most  prominent 
among  which  are  a  little  coral,  an  Area,  fragments  of  the  shells  of  a 
large  Nautilus,  parts  of  crabs,  &c. 

The  lower  part  of  the  bluff  at  this  place  is  covered  with  singularly 
shaped  concretionary  masses  of  limonite.  The  surfaces  of  these  con- 
cretions are  marked  off  into  rhomboidal  plates,  like  the  markings  on 
an  alligator  skin.  The  shales  or  black  clays  are  strongly  caloareous, 
which  accounts  for  the  limy  character  of  some  of  the  soils  derived  from 
them  in  Marengo  and  Wilcox  Counties. 

In  Sumter  County  a  bed  of  lignite  is  found  near  the  summit  of  the 
black  clays,  and  just  beneath  the  yellowish  clays  of  the  above  section. 

All  the  bluffs  from  Black  Bluff  down  to  Naheola,  above  described, 
are  composed  of  a  black  clay  in  most  respects  similar  to  No.  2  of  the 
above  section. 

The  fossiliferous  bed  of  Black  Bluff  may  be  seen  at  auy  of  the  ex- 
posures as  far  down  the  river*  as  Grifftn's  Landing,  7  or  8  miles,  nearly 
along  the  strike  of  the  strata.  Below  Griffin's,  down  to  Naheola,  the 
black  clay  of  the  bluffs  is  quite  hard  and  compact,  breaking  with 
conchoidal  fracture  and  resembling  very  closely  the  black  shale  of  the 
Devonian  formation.  No  trace  of  a  fossil  could  be  detected  in  the  black 
clay  along  this  long  stretch  of  the  river.  At  Lewis's  Lower  Landing, 
Beckley's,  Oakchia,  Steiner's,  Kemp's,  and  Naheola  the  clays  are  usually 
covered  with  the  singular  limonite  concretions  remarked  upon  at  Black 
Bluff. 

The  distance  across  the  strike  of  the  rocks,  from  Black  Bluff  to  Na- 
heola, is  about  7  or  8  miles,  and  through  this  distance  the  only  Tertiary 
rocks  which  appear  on  the  river  banks  are  black  clays.  Upon  the  as- 
sumption that  the  dip  of  these  rocks  is  uniformly  about  30  feet  to  the 
mile,  this  would  indicate  a  thickness  of  nearly  -00  feet.  But  we  have 
seen  above  that  undulations  are  not  rare  in  the  Tertiary  rocks,  so  that 
the  actual  thickness  is  probably  very  considerably  less  than  200  feet. 
The  Bladen  Springs  boring  (Plate  XXI,  column  4,  p.  183),  shows,  ac- 
cording to  our  interpretation  of  it,  only  about  100  feet  of  black  clays 
above  the  Rotten  Limestone,  and  a  part  of  this  may  belong  to  the  Ripley 

group  of  the  Cretaceous. 
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As  to  the  equivalence  of  this  black  day  gioiip,  tLere  is  no  iluiibt  tbal 
it  in  part  represents  the  Flatwooiia  group  of  Dr.  Hilgard,  because  tlitsc 
Flatwoods,  so  vreW  developed  in  Mississippi,  extend  down  into  Sumter 
County,  in  Alabama,  and  across  it  to  tlie  Tombigbee,  and  thence  acroas 
Marengo  to  the  Alabama,  whieh  they  touch  at  Midway,  a  short  distance 
below  Prairie  Blnff.  So  far  as  I  am  aware,  tbey  have  not  beeu  identi- 
lied  in  Wilcox  County,  although  the  fossiliferous  stratum  of  the  Black 
Bluff  group  i3  very  characteristically  developed  across  this  county;  ax 
may  be  seen  fi'oin  the  sections  still  to  be  given. 

These  Black  Bluff  clays  in  Sumter  and  Marengo  Counties  t^jntaJc 
very  little  lime,  and  form  Post-Oak  Flatwoods  with  stiff' clay  soil,  while 
cast  of  the  Alabama  River  they  become  more  and  more  lalcarcoas,  and 
form  the  basis  of  the  prairies  in  Wilcox  County  and  eastward.  Even 
inMareugoConuty  the  lower  part  of  the  Bhiek  Bluff  clays  is  much  more 
calcareous  than  the  upper,  and  we  find  a  narrow  belt  of  black  prairie 
land  lying  just  north  of  the  Post-Oak  Flatwoods.  This  prairie  soil 
merges  by  almost  imperceptible  giitdations  into  the  genuine  Flatwoods. 


Between  Matthcws's  Landing,  above  described,  and  Midway  there 
are  no  Tertiary  rocks  exposed  along  the  banks  of  the  Alabama  Eiver. 

The  bluff  at  Midway  ia  half  a  mile  or  more  in  length,  the  dip  of  the 
strata  quite  variable,  but  very  considerable,  in  places  as  much  as  one 

in  thirty,  aiid  in  some  places  the  beds  are  nearly  horizontal.  At  the 
lower  end  of  the  binft'  appear  black  clays  similar  to  those  at  Matthews's 
Landing  or  Black  Bluff,  a  few  feet  only  showing,  and  these  apparently 
without  fossils.  These  clays  overlie  about  10  feet  of  lijiht  colored 
argillaceous  limestone,  with  projecting  liard  lodges.  Tliis  limestone 
contains  the  large  Xantilus  (I-"iiclimatoceras)  which  characterizes  the 
loweruioRt  Tertiary  beds  about  Pine  Barren  Creek  below  tuentionetl, 
and  it  is  no  doubt  identical  witJi  the  Nautilus  rock  ofe:ister[i  Wilcox. 

Tiiis  Nitntiliis  rock  has  been  recognized  in  that  jiart  of  Wilcox  County 
lying  west  of  the  jVlaliama  Hivcr,  ami  it  has  been  traced  thence  across 
Marengo  Connty  to  Moscow,  on  tiie  Tunihigbee  Biver.  Southward  of 
the  localities  where  it  forms  the  siirfaee  appears  always  a  strip  of  black 
prairie  soils,  derived  from  tlie  disintegration  of  the  calcareous  clays 
(of  Black  Blntf  grocp),  whieh  immediately  overlie  tlie  Nautilus  linie- 
.stone,  and  southwanl  slill  of  this  prairie  belt  lies  the  belt  of  Post-Oak 
Flatwoods,  the  soils  of  which  come  from  the  disintefrratioii  of  the  non- 
calcareous  chiys  of  the  Black  BInlf  jiroup.  Tlie  Flatwoods  belt,  as  h;is 
already  been  intimateil,  does  not  aiijiear  to  extend  beyoinl  the  Alabama 
Kiver  towards  the  east,  while  the  juairie  belt  attains  to  greater  ami 
greater  impurlancc  in  that  direction, 

Midwuy  is  some  4  miles  down  tlie  river  froni  Prairie  BInlf,  where 
occurs  the  lirst  outcrop  of  Cretaceoiis  rocks  on  the  Alabama. 
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Between  these  two  points  there  are  none  bat  comparatively  recent 
deposits  along  the  river  banks. 

The  position  and  character  of  the  Tertiary  rocks  exposed  at  Midway 
may  be  seen  on  Plate  XVIIT,  Fig,  2,  p.  167. 

THE  OAK  HILL  AND  PINE  BA.RREN  PROFILE. 

This  profile  embraces  the  strata  of  the  Naheola  or  Matthews's  Land- 
ing, the  Black  Blnff,  and  the  Midway  sections  above  described,  and 
gives  us  a  continuous  view  of  all  the  strata  from  just  below  the  Coal 
Bluff  lignite  down  to  and  including  the  uppermost  beds  of  tUe  Creta- 
ceous. Our  three  lowest  sections  of  the  Lignitic  might  with  propriety 
be  classed  together  as  the  Oak  Hill  Pine  Barren  group. 

About  half  a  mile  to  three-quarters  west  of  Oak  Hill,  in  Sec.  16,  T. 
11,  R,  10  E.,  in  Wilcox  County,  the  Allenton  and  Camden  road  descends 
a  long  hill,  where  at  least  150  feet  of  the  Tertiary  strata  are  laid  bare. 

(a)     Section  near  Oak  Hilly  Wilcox  County.     (Plat^  XVIIIf  p.  167.) 

Red  loam,  pebbles,  &c.  of  the  Drift. 

1.  Cross  bedded  sands  and  thinly  laminated  clays,  much  decayed  and  difiticult  at 

times  to  distinguish  from  the  overlying  red  loam 25  feet. 

2.  Gray,  cross  bedded  sands,  alternating  with  thin  laminro  of  gray  clay ;  general 

aspect  of  the  whole,  gray 40  feet. 

3.  Bed  of  yeUowisb  gray,  cross  bedded,  and  laminated  sand 18  inches. 

4.  Thinly  bedded,  gray   clays,  interstratified  with  thin  ledges  of  cross  bedded 

sands 30  feet. 

5.  Sands  1  foot,  clays  1  foot,  sands  1  foot 3  feet. 

6.  Gray  clays,  interstratified  with  cross  bedded  sands 6  feet. 

7.  Gray,  cross  bedded  sands  with  very  little  clay 3  feet. 

8.  Gray  clay    breaking    up    into    cuboidal    blocks,    iuterstratiiied    with    sandy 

ledges 15  feet. 

9.  Black  to  gray  micaceous  sands,  with  the  fossils  of  Matthews's  Landing 7  feet. 

This  bed  is  darker  at  top  and  lighter  colored  at  bottom.  In  Dale's  Branch,  close 
by,  the  same  bed  occurs  with  glauconite  in  part  of  it.  It  is  quite  possible  that 
part  of  this  bed  may  be  identical  with  the  Naheola  marl.  At  other  localities, 
near  Oak  Hill,  this  bed  has  a  greater  thickness,  and  the  above  may  be  taken 
as  the  lower  limit.  According  to  the  observations  of  Mr.  Johnson,  in  a  well 
bored  at  W.  W.  McCounico's,  the  thickness  goes  even  to  20  feet,  thus  approxi- 
mating the  thickness  at  Matthews's  Landing. 

10.  Hani  ledge  of  calcareous  glauconitic  sand 1  foot. 

11.  Yellowish,  calcareous  sands,  with  whit«  lime  concretions  and  one  or  two  harder 

ledges 12  feet. 

12.  Glauconitic  sands  with  indurated  ledge  at  top 10  feet. 

13.  Sandy  shales,  with  indurated  ledge 5  feet. 

14.  Hard,  yellowish,  sandy  limestone,  with  phosphatic  nodules,  appearing  also  in  the 

Graveyard  Hill  section.  No.  3 2to3feet. 

Thii  bed  is  a  very  coDspicuous  feature  in  all  this  vicinity  j  'it  may  be 
seen  on  the  sides  and  summits  of  most  of  the  low  hills,  where,  breaking 
off  in  consequence  of  joint  planes,  it  appears  like  a  low  stone  wall  run- 
ning aronnd  the  hills.  From  the  locality  above  given  to  the  Grave- 
yard Hill  this  stratum  can  be  followed  with  certainty,  and  appears  as 
above  stated  in  the  accompanying::  section. 
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(A)  Section  on  Grattyard  Hill.     {Ste.  :>,  T.  11,  ji.  10  E.) 

1.  Qnyitb  white,  calcnreona  sands,  ivUU  HuaU  pbospliatia  noilcles,  chsraeui 
'  ao  ftliandance  of  cruBtaceaa  remaiiiB 

2.  Wkitisb,  cslcaruons  sauils,  witb  Bevorat  harder  ledg«e  wliich  Bb&le  off  ia  wektltt-   ' 

IDS aofort.  ; 

3.  Hard,  yeltowisb,  aHndy  liiueEtoDF,  contaioing  Bmall  phoaphatic  nodalei'.     Tht«  it    , 

Uie  rock  nhich  furuisthevrnllBaruandall  theluw  billa in  tlie  vicinity. a toXf**!.    | 

4.  Yellowisli,  calcareous,  cta.ve;  snnil,  with  nliitu  liiue  cnacrotlotia,  becoming  I!a3*t    ' 

iu  color  and  more  clii<rey,  and  cuntainiug  Dumcruua  fouila  identical  nitb  Ibuw 
found  nt  Bljvck  Bluff ISfcrt.    | 

5.  Btuck.  calcaruoiia  clnys.  ycllotrish  Ktny  on  weathered  aiirfaces,  also  coutainlng  llic    i 

Black  Hills'  fosBlls,  but  leas  abiindaDlly  than  the  preceding  Ittd.SO  fe«t  or  man. 

This  black  clay  and  the  overlying  bed  yield  the  prairie  soils  of  this  I 
section  of  Wilcox  (Joiiuty.    These  soils  are  exceedingly  fertile,  as  nay 
be  seen  by  the  fioe  cro[>8  which  grow  upoii  them  aud  by  the  ininieose 
height  of  the  weeds  which  spring  up  by  the  roadsides. 

Graveyard  Bill,  like  all  the  others  iu  the  vicinity,  slopes  o£f  into  Ilif  i 
prairie  fields  which  border  Tritirie  and  Pine  Barreu  Creeks.  In  thi' 
lower  part*  of  these  fields  we  come  always,  upon  a  ledge  of  rockfi,  | 
decribed  below,  which  forms  the  contiunation  of  the  section  above  i 
given,  below  this  rocky  ledge  occur  sands  and  sandy  ebalcs,  whicL  I 
undoubtedly  belong  to  the  Cretnceons  formatiou. 

The  whole  thickness  of  the  clays,  &c.,  which  form  the  prairies  here 
is  about  30  to  35  feet,  so  that  what  follows  is  only  the  direct  contiuua' 
tion  of  the  preceding  section.  ' 

((■)  SeclioH  from  baur  of  llraiei/aid  Hill  to  Pint  Itarrm  Vitik. 

liliiL-kulii.vs,  wi'atUeriii;;  yi:lli.iv,'lt;i>is  ..f  |.raLrie«,  No.  riof  llio  i-recediiig  BCitiiin. 

r..  iliiid.Kriij-i.-di  white Innestouo.  clinracUTiied  l.y  grent  nmul.«rsof  ;i  lar;;u  ,Vii.(il«' 

(/;».(J«inJocm(»(7rIf/rt),  .indlinifi' known  as thp  Nautilus  Kook...ilmiulOf*t. 

7.  Ciik'arcons  sauds  forming  liiiws  of  till- lilack.Kaudyiir.iirii'M  111' this  vitLuity..iil«i 

a  Hani,  yellon-Uh  white,  crysralliin'  liiuf  rni-k,  satidy  in  id.ii'eH  and  tilled  wilb  ml 

Hpci'kA,  highly  fos-'ilifcroiis   iimtaiiiiiij;    Tiirrilill-i    in   jjrfut    nuuiliers;  "l-" 

Ciirdilaf,  a,  liorMlari-i,  ll^lr-n.  :ii]d  tivn  c.rlhrco  spi-fifs  (if  eonil.     Tbia  is  ou<;<'f 

tbo  moat  persistent  of  tbo  li.iv.r  T.-rli^iry  nioks  towjtrd.H  tiiofiist 3f«t. 

•i.  Yellowish, micaceousH;iuds,«iihCr..rii<enus fossils .'^W. 

10,  Bluish  gray,  cak-areims  saiidi-,«  iih  I  no  very  proiuiut-ut  Icdfics  4  feet  .Tiiart,ai«i 
two  or    Ihreo  mnallfi-    h-d;;e-.       Tliitkiiesa    Xi>   water   levid    below   Paluier- 

Mill 151eer. 

These  llireo  sections  are  i  11  U!s  traced  in  Fig.  1  of  Plate  XVI 1 1,  j).  hi^- 
It  may  be  rciuenihered  that  from  tlie  Kuinuiit  of  the  White  Liuiestout' 
down  to  the  base  of  the  Bell's  Landin;;  section  of  Liguitic,  rejjreseutiDr 
about  1,-00  feet,  onr  t;eologic;d  culnmu  is  uninterrupted  iind  is  coh- 
ered throughout  by  overlapping  sections. 

Below  the  lieH't)  Landing  section  occurs  the  first  hiatus  or  brciiki" 
this  column,  the  first  place  where  we  have  as  yet  been  unable  to  eon 
^nect  two  contiguous  divisions  by  overlapping  sections. 
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Immediately  below  the  Goal  Bluff  lignite  of  the  preceding  section 
there  is  a  second  gap,  the  exact  dimensions  of  which  we  have  as  yet 
not  been  able  to  ascertain.  Making  the  highest  estimate  (based  upon 
an  assumed  uniform  dip  of  the  strata  of  30  feet  to  the  mile),  the  thick- 
ness of  the  beds  here  concerned  can  hardly  be  more  than  50  or  60  feet, 
for  the  missing  beds  should  outcrop  along  the  Tombigbee  Biver  between 
Nanafalia  Landing  and  the  mouth  of  Beaver  Creek,  a  distance  of  4 
miles,  corresponding  to  a  thickness  of  120  feet.  We  know,  from  ex- 
posures on  Landrum's  Greek  and  Pursley  Greek,  all  the  beds  below  the 
Kanafalia  marl  down  to  the  lignite,  60  feet  below,  so  that  the  missing 
beds  would  constitute  the  other  half  of  this  estimated  120  feet. 

On  the  Alabama  Eiver,  likewise,  we  see  some  ten  feet  of  strata  below 
the  lignite,  after  which  follows  a  barren  stretch  of  river  bank  which 
shows  no  Tertiary  beds  at  all  for  two  or  three  miles. 

In  the  Pine  Barren  profile,  which  gives  so  complete  a  view  of  the 
lower  part  of  the  Tertiary  formation,  the  lignite  is  not  seen  in  actual 
contact  with  the  beds  of  this  section,  so  that  here,  also,  we  have  the  gap 
unfilled.  From  the  occurrence  of  the  lignite,  however,  a  short  distance 
south  of  Oak  Hill,  which  makes  the  summit  of  the  Pine  Barren  section, 
the  thickness  of  the  beds  involved  in  this  gap  is  here  also  shown  to  be 
not  very  great,  except  upon  the  assumption  of  a  very  abrupt  change  in 
the  dip  of  the  strata,  which  is  wholly  unauthorized  by  any  facts  which 
have  come  under  our  observation. 

Geologically  below  this  gap,  from  the  mouth  of  Beaver  Greek,  on  the 
Tombigbee,  to  Black  Bluff  (up  the  river),  there  is  an  almost  contin- 
uous exposure  of  Tertiary  beds  along  the  river  banks,  but  there  is  diffi- 
culty in  getting  the  exact  thickness  of  the  beds  thus  exposed. 

On  the  Alabama  Eiver  the  exposures  are  much  less  continuous,  and 
the  thickness  of  the  beds  correspondingly  more.difiicult  to  ascertain. 

It  is  therefore  fortunate  that  we  have,  in  the  Pine  Barren  region,  a 
continuous  section  of  240  to  250  feet,  embracing  all  the  beds  below  the 
gap  or  hiatus  named,  down  to  the  top  of  the  Gretaceous  formation. 

This  section  is  exposed  at  two  localities,  above  given,  viz :  Along 
the  Camden  road,  about  half  a  mile  west  of  Oak  Hill,  and  at  the 
Graveyard  Hill  in  Sec.  8,  T.  11,  R.  10  E.,  the  lower  beds  of  Oak 
Hill  appearing  in  the  upper  part  of  the  Graveyard  Hill.  The  lower 
portion  of  the  section  appears  at  the  base  of  the  latter  hill  and  along 
the  low  grounds  of  Prairie  Greek  down  to  Palmer's  mill  on  Pine  Barren 
Greek.  All  the  lower  part  of  this  section,  up  to  the  Dale  Branch  or 
Matthews's  Landing  marl,  was  very  carefully  worked  out  in  1883  by  Mr. 
Johnson,  and  the  section  continued  by  estimates  up  to  the  Nanafalia 
beds,  which  appear  at  Eggville,  in  Sec.  22,  T.  11,  R.  10  E.  To  Mr.  John- 
son also  belongs  the  whole  credit  of  determining  beyond  doubt  the 
exact  limit  between  the  Tertiary  and  Gretaceous  rocks  in  eastern  Wilcox. 

ite  has  shown  that  the  !N^autilus  (Enclimatoceras)  Bock,  which  had, 
ap  to  1883,  been  considered  Gretaceous,  overlies  a  crystalline  limestone 
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'holdiiig  Twrritellas,  Carditas,  a  Rostdlaria,  and  other  Tertiary  specie?. 

The  measured  section  from  Chambers  Creek  across  Pine  Earreu  Creek 
.  optotliesumrair,  of  the  Graveyard  Hill  profile  (see  Plate  XVI II,  Fig.  1, 

p.  ItiT)  was  also  made  by  him. 

In  the  sammcr  of  1885  these  localities  were  visited  by  the  present 
,  -writer,  when  the  measured  part  of  Mr.  Johusou's  section  up  to  the  Dale 

Branch  or  Mattliews'a  Laiidiug  marl  was  fully  verified  and  est«nded  by 

the  addition  of  some  125  feet  of  strata  exposed  along  the  Camden  road. 

■  near  Oak  Hill,  and  in  direct  Huperposition  over  the  Dale  Branch  marl. 
'  ITot  with  standing  the  125  feet  thus  transferred  from  "eatiiuated"  to  the 

■  firm  grouud  of  "  measured  "  strata,  there  still  remains,  as  above  stated,  a 
I  gap  not  covered  by  overlapping  sections  betweeu  the  top  of  the  Oak 
.  Hill  section  and  the  Coal  Bluff  lignite. 

It  would  be  manifestly  a  serious  omission  on  onr  part  not  to  speak  in 
this  connection  of  the  observations  of  Prof.  Alexander  Winchell,  made 
in  1358  in  eastern  Wilcox  County.' 

This  author  recognized  as  Tertiary,  and  described  in  sullicient  detail 
,  to  render  their  identification  easy,  several  of  the  beds  included  in  our 
'  Pine  Barren  sections  below  given,  notably  No.  3  of  the  Graveyard  Hill 
and  the  nnderlying  marls  containing  Black  Blutf  fossils,  and  also  the 
[  Xarritella  rock  which  lies  at  the  base  of  our  Tertiary  section,  and  he 
Slightly  extends  the  line  between  the  Tertiary  and  Cretaceous  to  a  poiat 
I  eight  and  a  half  miles  north  of  AUent^n. 

Thwe  rofkn  he,  however,  places  in  tbp  Biihrstoiie,  iind  nbnve  his  Biifl" 
Sand,  which  he  considers  the  lowermost  of  the  Tertiary  rocks.  By  com- 
paring  our  Kanafalia  sections  and  Professor  Wint-liells  description,  it 
will  be  seen  that  his  Butf  Sand  ovi-rlies  (at  iilack's  llliitf  on  the  Ala- 
bama River)  the  beds  with  Gri/phmt  iliirsa;  which  at  that  time  was  gen- 
erally considered  a  Ciytai^oiis  species.  These  beds  we  now  know  are 
some  300  feet  above  the  top  of  tlie  Cretaceous, 

Kotwithstauding  some  mistakes  in  fising  the  relative  jiositions  of 
rocks  observed  at  widely  distant  Idealities,  mistakes  which  were  proba- 
bly unavoidable  without  long-continued  observations,  we  find  recorded 
in  this  pioneer  work  of  Professor  WincbcU  a  host  of  sagacious  observa- 
tions which  have  been  fully  confirmed  by  those  who  have  since  gon; 
over  the  same  ground. 

In  this  part  of  the  Tertiary  the  variations  in  the  thickness  of  the  beds 
and  the  finality  of  the  material  as  we  go  from  west  to  east  are  more 
striking  than  in  the  overlying  strata.  Thus,  on  the  Tombigbee  liiver, 
near  the  base  of  the  Tertiary,  there  is  a  great  thickness  of  black,  sandy 
clays  (SO  feet  or  more  in  one  place,  Black  Blufl'),  which  exte:;d  <lowu 
the  river  for  many  miles,  to  Naheola,  while  on  the  Alabama  the  only 
rocks  seen  of  this  kind  are  at  and  near  Matthews's  Landing,  which  is 
near  the  top  of  the  series;  and  in  the  Pino  Barren  section  in  eastern 
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Wilcox  County,  where  all  the  strata  are  shown,  the  whole  thickness, 
including  the  Matthews's  Landing  marl,  is  not  greater  than  75  feet. 

On  account  of  thpse  differences  it  becomes  impossible,  without  further 
comparison,  to  correlate  some  of  the  beds  of  the  Tombigbee  section  with 
those  exposed  at  Oak  Hill  and  on  Pine  Barren  Creek. 

In  the  vicinity  of  Palmer's  Mill  (Smith's  bridge),  on  Pine  Barren 
Creek,  in  Wilcox  County,  we  have  the  lowermost  of  the  Tertiary  beds 
in  direct  contact  with  the  uppermost  of  the  Cretaceous.  At  this  place 
the  beds  of  the  two  formations  appear  to  be  strictly  conformable  with 
each  other.  Here,  also,  the  lower  Tertiary  beds  have  a  very  striking 
resemblance  in  lithological  characters  to  some  of  the  Cretaceous  beds ; 
but  the  fossils,  as  Mr.  Johnson  has  shown,  leave  no  room  for  doubt  as 
to  the  age  of  the  beds. 

This  resemblance  is  most  pronounced  in  the  case  of  the  shaly  sandy 
beds  of  Graveyard  Hill,  which  might  easily  be  mistaken  for  similar 
beds  occurring  at  Canton  Landing  and  back  of  Prairie  Bluff.  The  latter 
are  of  JKipley  age,  while  the  Graveyard  Hill  rock  overlies  sandy  clays 
holding  Black  Bluff  fossils.  So,  also,  the  Nautilus  rock  might  well  pass 
for  Cretaceous,  except  that  it  overlies  a  limestone  holding  Turritellas, 
Carditas,  and  other  fossils  which  Mr.  Johnson  has  identified  as  Tertiary. 
No  one  can  fail  to  be  impressed  with  the  similarity  in  general  aspect,  if 
not  in  the  organic  contents,  of  the  contiguous  beds  of  the  two  formations. 

THE  BLADEN  SPRINGS  BORING. 

In  the  years  1884  and  1885  a  boring  was  made  at  Bladen  Springs,  in 
Choctaw  County,  nn  search  of  petroleum.  The  carefully  kept  record 
was  obtained  from  Captain  Trowbridge,  who  had  charge  of  the  boring. 

The  surface  rocks  at  the  place  of  boring  are  either  the  lowermost  of 
the  Buhrstone  or,  more  probably,  the  uppermost  of  the  Hatchetigbee, 
the  loose  surface  materials  hiding  the  Tertiary  rocks  at  the  locality. 
The  boring  penetrated  through  the  underlying  Tertiary  rocks,  through 
the  Bipley,  and  125  feet  (as  we  interpret  it)  into  the  Rotten  Limestone  of 
the  Cretaceous.  We  have  inserted  this  record,  drawn  to  scale,  in  its 
proper  place  in  the  general  section  (see  Plate  XXI,  column  4,  p.  183), 
where  it  will  be  seen  the  thickness  revealed  by  the  boring  corresponds 
very  well  with  that  established  by  our  measurements.  It  is,  however, 
difficult  to  correlate  with  any  certainty  the  beds  penetrated  by  the  bor- 
ing with  the  strata  of  the  general  section,  since  an  accurate  determina- 
tion of  the  lithological  and  other  characters  of  the  beds  from  the  loose 
and  mingled  materials  brought  up  by  the  auger  is  manifestly  impossi- 
ble; still,  we  have  felt  warranted  in  several  instances  in  pointing  out  the 
probable  equivalences.  In  the  lower  part  of  the  boring,  especially,  we 
think  that  the  black  or  dark  blue  clays  and  clayey  sands  of  the  Black 
Bluff  and  Bipley  sections  are  unmistakably  shown,  as  is  also  the  Botten 
Limestone,  although  in  the  boring  there  appear  only  17  feet  of  sands  at 
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base  of  the  Kipley,  wliile  in  some  ylaces,  as  at  Prairiu  Bluff,  the  tbick- 
ness  ia  at  lea^t  00  feet. 

In  188i,  while  the  boring  was  still  in  progress,  Mr.  D.  W.  Laagdon, 
jr.,  visited  Bladen  Siiriugs,  and,  upou  the  anthority  of  o.nr  muuh  less 
perfect  river  section,  predicted  that  the  Rotten  Limestone  would  be 
reached  at  1,200  feet.  In  reality  it  was  reached  at  1,2*J0  foet- 
us. SUMittAEY  OF  THE  LEADING  FEATURES  OP  THE  TEETIABY  STEATA 
OP  ALABAMA  (PLATE  XSl). 

With  a  brief  review  of  the  distinguishing  characteristics  of  the  divis. 
'  ions  of  the  Tertiary  above  made,  we  conclude  this  part  of  our  subject. 

The  whole  thickness  of  the  strata  of  the  Tertiary  group  of  Alabama 
occurring  in  the  vicinity  of  the  two  rivers  is  between.  1,620  and  1,700 
feet.  This  estimate  is  based  upon  actual  meaaiu'emetit,  except  at  one  or 
two  horizons,  and  even  in  these  places  we  are  able  to  give  a  close  esti- 
l&ate  of  the  thickness  of  the  strata  not  measured. 

We  have  adopted  the  following  fourfold  division  of  the  Tertiary 

{!)  The  White  Limestone, 

(2)  The  Claiborne, 

(3)  The  Buhrstone,  and 

(4)  The  Lignitic. 
Ill  all  that  follows,  the  strata  are  described  in  descending  order. 


I 


(I)  THE  wn 

This  subdivision  is  calcareous  throughout,  but  the  lowermost  60  feet 
are  more  argillact-ous  tliiin  the  rest.  Tiie  minimum  thickness  is  350  feet, 
of  which  the  upperMiust  l."iO  feet  consist  of  .a  tolerably  pure  but  some- 
what silicious  limestone,  tilled  with  coral  masses.  The  next  succeeding 
140  I'eet  or  more  uie  made  up  of  a  soft,  wliite  limestone,  often  quite 
pure  and  (illed  with  OrbifoUles  Matitdli.  The  lowermost  50  feet  are  of 
iniimre,  argillaceous  limestone,  which  in  di.siiitep:rati!ig  yields  a  black. 
calcareous  soil  similar  to  that  derived  from  the  Rotten  Limestone  of 
the  Cretaceous.  This  lower  portion  of  the  White  Limestone  surpasses 
the  otlieri^  in  the  variety  of  its  fossil  contents. 

The  thickness  is  140  to  14.)  feet,  the  materials  are  sands  and  clays, 
which  are  generally  calcareous  and  often  ghinconitit^  Near  the  top  of 
the  sulniivisiim  is  a  bed  of  glauconitic  sand  LI  to  17  feet  iu  thickness, 
tilled  witli  shell^i  in  a  perfect  state  of  pri'servation.  The  sandy  clays 
forming  the  lower  00  feet  are  likewise  fillet!  with  a  great  variety  ol 
shells  in  a  gooil  state  of  preservation.  The  intervening  calcareous  clays 
and  calcareous  sands  are  distinguished  by  the  great  numbers  of  shells 
of  Ontrea  ticU<s/ormls  which  they  hold,  as  well  as  by  the  comparative 
rarity  of  other  forms. 
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(3)  THE  BUHRSTONE. 

The  minimam  thickness  of  this  formation  is  300  feet ;  the  mate- 
rials are  almost  altogether  aluminous  and  silicious,  consisting  of  aln- 
minous  sandstones,  claystones,  and  quartzitic  sandstones,  with  occa- 
sional thin  beds  of  glauconitic  sand.  The  few  fossils  which  have  been 
obtained  from  this  division  are  mostly  in  the  form  of  casts.  They  do 
not  appear  to  differ  specifically  from  those  of  the  overlying  division. 

(4)  THE  LIGNITIC. 

This  is  the  most  massive  of  the  subcjivisions  of  the  Tertiary,  having 
a  thickness  which  can  hardly  be  less  than  900  feet.  Ik  also  presents 
a  greater  variety  in  mineral  composition,  as  well  as  in  fossils,  than 
the  other  divisions.  In  the  most  general  terms,  the  Lignitic  strata  are 
cross  bedded  sands,  thin  bedded  or  laminated  sands,  laminated  clays 
and  clayey  sands,  and  beds  of  lignite,  as  well  as  the  lignitic  matter 
which  merelv  colors  the  sands  and  clays.  With  these  are  found  inter- 
bedded,  at  several  horizons,  strata  containing  marine  fossils.  For  the 
sake  of  greater  convenience  and  clearness  of  description  we  present 
the  Lignitic  in  seven  sections,  each  of  which  is  characterized  by  one  or 
more  beds  of  marine  fossils  included  in  it.  These  sections  are  as  fol- 
lows : 

(a)  The  Hatchetigbee  section. — This  section  is  175  feet  in  thickness, 
made  up  of  sandy  xjlays  of  prevailing  brown  or  purplish  color,  contain- 
ing three  or  four  beds  of  marine  fossils  in  the  uppermost  75  feet,  and  of 
somewhat  similar  purplish  brown,  sandy  clays  nearly  devoid  of  marine 
fossils  in  the  lower  100  feet.  All  these  brown,  sandy  clays  become  much 
lighter  colored  upon  drying  and  exposure  to  the  weather. 

(ft)  The  Woo€P8  Bluff  or  Bashi  section,— T\i\^  is  80  to  85  feet  in  thick- 
ness.  The  uppermost  30  feet  of  the  Section  consist  of  dark  brown  clays 
passing  into  a  greensand,  which  holds  a  great  variety  of  finely  preserved 
marine  shells.  Below  this  greensand  marl  are  gray,  sandy  clays,  with 
four  or  five  thin  beds  of  lignite  within  the  first  25  feet,  succeeded  by 
about  30  feet  of  cross  bedded  sands,  with  a  two  foot  seam  of  lignite  at 
the  base. 

(c)  The  BclVs  Landing  section, — This  is  140  feet  in  thickness,  and  in- 
eludes  two  important  marine  beds,  and  a  third,  quite  small  and  appar- 
ently unimportant.  These  fossiliferous  beds  are  iuterstratified  with 
yellowish  sands  in  the  upper  and  rather  heavy  bedded,  sandy  clays  in 
the  lower  part  of  the  section.  The  upper  marine  bed,  called  the  BelFs 
Lauding  marl,  is  about  ten  feet  in  thickness  and  has  40  feet  of 
sandy  strata  above  it.  The  middle  bed  is  called  the  Gregg's  Land- 
ing marl,  and  it  is  twenty  to  twenty-five  feet  below  the  preceding;  it 
is  about  five  feet  in  thickness.  The  lowermost  of  the  fossiliferpus  beds 
of  this  section  is  only  about  one  foot  in  thickness  and  lies  about  fifty 
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feet  lielow  thi;  GruggN  Lauding  bed.  It  is  bighly  glaoconitic,  but  does 
Hot  cont^u  aoy  grvat  variety  of  fossiR  Ttie  Bcll'd  Laudiai;  luiirl  is 
distiugaished  from  all  olbers  iu  Alabama  br  tUe  great  aizu  of  tbo  shells 
wliicliitcontams. 

{li)  The  XanafaUa  and  Coal  Bluff  ite<lion,~'l\ie  strata  of  tliis  sectiou 
Vi  -0"  fi^et  iu  tbickuess  aud  consist  of  about  lifty  feet  of  gray  saody 
clays  at  top,  wbicli  show  a  tendeuoy  to  iodurale  into  tolerably  firm 
locks  resemWiug  ver>"  closely  some  of  the  strata  of  the  Buhrstoue. 
Below  this,  abont  eighty  feet  of  saudy  beds,  oltea  strongly  glauuouitic, 
Afaaracterized  throughout  by  shells  of  a  su]»ll  oyster,  (iryphaa  thiraa: 
,jNear  the  ba^e  of  this  siindy  divtsioa  there  is  a  bed  about  tweoty  feet 
^tck,  literally  packed  with  these  sbells.  Below  the  Oryphtea  thirta- 
beds  follow  somo  seventy  feet  of  cross  beilded  sands,  glanconltiu  and 
apparently  devoid  of  fossils,  including,  about  ten  feet  from  the  base  of 
the  section,  a  bed  of  lignite  which  varies  in  thickness  from  fonr  to  seveu 
feet. 

{f)  The  Nalieola  and  ^althetcs's  Landing  nection. — It  is  difficult  to  give 
the  precise  thickness  of  this  section,  since  it  varies  ou  the  two  rivers. 
"We  have  placed  it  at  one  bundreil  and  thirty  to  one  hundreii  and  fifty 
^t ;  the  strata  are  gray,  sandy  clays  in  the  main,  alteruating  with 
;.cro8s  bedded  sand.  The  beds  of  dark,  sandy,  and  glauconitic  clay,  eon- 
taintDg  mariue  fossils,  lie  at  the  base  of  the  section.  At  Naheola  on 
;the  Tomliigbee  the  npper  and  more  grlauconitic  part  of  the  be<l  ts  most 
prominent,  while  at  Matthews'a  Lamling  ou  the  Alabamii,  the  lower 
part  of  the  bed,  dark  gray  saudy  clay  forms  the  bluff. 

(/)  The  Black  Bluff  section. — Here  again  we  have  ditHcnlty  in  deter 
mining'  the  exact  tliickiiess,  since  on  the  Toiiibigbce  the  .strata  of  this 
section  are  spread  over  an  estent  of  surface  which  would,  with  uuiforui 
dip,  coiTCHpond  to  a  thickness  of  over  two  hundred  feet,  while  on  tho 
Alabama,  and  more  particularly  inland  in  the  eastern  part  of  Wilcox 
County,  the  thickness  isnotgre-iter  than  thirty-five  or  forty  feet.  Since 
80  fi-et  of  the.sc  beds  are  seen  in  superposition  at  one  locality  [Black 
Bluff),  we  think  that  the  maximum  thickness  eauiiot  be  less  than  one 
hundred  feet.  The  cLaraeteristic  strata  which  compose  nearly  the 
whole  of  this  .section  are  black  or  very  dark  brown  clays,  whicii  are  iu 
part  fossil  iforous. 

[g)  The  ^fidlcaffo>^  Pine  Banen  xection. — Thii-liuess,  25  feet.  The  strata 
are:  a  white,  argillaceous  limestone  holding  a  large  nautilus,  which  is 
characteristic  of  the  horizon.  10  feet;  calcareous  sands  ami  a  yellowish, 
crystalline  limestone,  with  Turritellas,  Carditas,  and  corals,  the  samls  fl 
feet,  the  limestone  8  or  9  feet.  This  section  is  best  seen  in  easteru 
Wilcox  County  on  Pine  Barren  Creek,  but  the  upper  or  Nautilus  rock 
occurs  at  Midway,  on  the  Alabama  Hiver,  and  westward  across  Mareny;o 
County.  No  exposure  was  noticed  on  tlie  Tombigbee,  but  it  will  prob- 
ably bo  found  a  short  distance  below  Moscow, 
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II.  CRETACEOUS  STRATA. 

The  Cretaceous  formatiou  ia  Alabama  exhibits  three  well  marked 
divisions,  which,  in  descending  order,  are  as  follows  : 

First.  A  series  of  yellow  sands,  dark  gray  or  blnish,  sandy,  micaceous 
clays,  impure  limestone,  and  sands  again,  in  all  between  two  and  three 
hundred  feet  in  thickness.  This  has  been  called  the  Bipley  formation 
by  Hilgard,  and  the  name  is  retained  for  Alabama. 

Second.  An  impure,  argillaceous  limestone  of  tolerably  uniform  com- 
position and  about  one  thousand  feet  in  thickness,  known  as  the  Botten 
Limestone. 

Third.  A  series  of  laminated  sands  and  sandy  clays  at  least  three 
hundred  feet  in  thickness  which  has  been  named  the  Eutaw  formation. 

All  these  strata,  especially  the  calcareous  parts,  are  more  or  less  per- 
fectly exhibited  in  the  bluffs  of  the  two  rivers. 

It  will  be  seen  below  that  we  have  not  as  yet  been  able  to  construct 
the  column  of  strata  of  this  formation  with  as  great  a  degree  of  com- 
pleteness as  has  been  done  for  the  Tertiary,  but  this  want  of  complete- 
ness is  in  the  figures  showing  the  thicknesses  of  the  several  strata 
rather  than  in  the  succession  and  quality  of  these  beds. 

§1.   THE  EIPLEY  FORMATION. 

The  character  of  the  uppermost  beds  of  this  formation  immediately 
underlying  the  Tertiary  was  first  clearly  determined  by  Mr.  Johnson 
in  the  Pine  Barren  section,  in  the  eastern  part  of  Wilcox  County,  already 
given  above.  These  .uppermost  beds  were  afterwards  traced  by  him 
westward  to  the  Alabama  Eiver  and  eastward  to  Clayton  and  Eufacfla. 
The  relation  of  the  Bridgeport  horizon  to  the  yellow  sands  was  also 
first  determined  by  him.  In  1885  the  strata  counecting.the  Bridgeport 
section  with  the  Prairie  Bluff  section  were  determined  by  Mr.  Laugdon 
and  myself,  and  it  is  believed  that  we  now  have  the  complete  section  of 
the  Ripley  strata  along  the  rivers,  except  that  the  actual  contact  with 
the  Botten  Limestone  of  the  sands  forming  the  lower  part  of  Prairie 
Bluff,  has  not  come  under  observation.  The  uppermost  beds  of  this 
formation  were  also  examined  in  1885  by  Mr.  Langdon  and  myself  in 
Marengo  County,  south  of  Dayton,  as  described  below. 

The  strata  of  the  Bipley  formation,  according  to  the  investigations 
above  alluded  to,  are  as  follows : 

First.  Fifty-five  feet  of  yellow  sands,  not  recognized  on  the  Tom- 
bigbee  Eiver,  but  constituting  the  upper  part  of  the  bluflf  at  Bridgeport, 
on  the  Alabama  Biver,  and  much  better  developed  in  the  hills  imme- 
diately back  of  ^the  bluflf.  From  here  they  may  be  traced  across  the 
country  for  a  great  distance  eastward.  Mr.  Johnson  has  probably 
identified  this  sand  at  Clayton,  in  Barbour  County,  where  it  constitutes 
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the  basis  of  tbe  fields  on  the  eoath  side  of  Barboar  Creek.  In  tliis  saod 
on  the  road  between  Enfaula  and  Clayton  were  found  decayed  sheUaof 
a  small  oyster,  and  with  them  Exogyra  costata  Say  in  a  pretty  good 
state  of  preservation.  The  same  oyster,  without  the  Exogyra,  was  seen 
in  the  eastern  part  of  Wilcox  County,  on  Prairie  Creek. 

Second.  About  one  hundred  feet  of  bluish,  micaceous,  sandy  clays, 
somewhat  calcareous,  marked  at  iutorvala  of  ten  orfifteenfeet  througli- 
oat  the  whole  thickness  by  the  occurrence  of  indurated  ledges,  usually 
of  rather  sandier  texture.  These  ledges  appear  occasioually  as  shaly 
sandstones  of  very  little  hardness,  flaking  off  readily  into  sheets  under 
the  iufiueuce  of  the  weather.  Our  observations  in  the  Canton  Bend 
and  in  the  hills  between  Prairie  Bluff  and  Rehoboth,  and  also  westward 
towards  Linden,  in  Marengo  County,  and  eastward  in  Dallas  and  "Wil- 
cox Counties,  have  shown  that  thtse  sandy  clays,  whore  they  lie  high 
above  the  drainage  and  well  exposed  to  the  action  of  the  weather,  lose 
altogether  their  bluish  color  and  appear  in  all  shades  of  yello  wish  gray. 
This  difference  in  color,  depending  upon  the  degree  of  oxidation  of  cer- 
taiu  constituents  of  the  strata,  especially  the  iron  bearing  materials,  has 
not  uufrequently  been  observed  in  the  strata  both  of  the  Tertiary  and 
of  the  Cretaceous  groups.  The  most  striking  instance  of  this  sort 
is  to  be  seen  at  Prairie  Bluff,  where  the  sands  forming  the  lower  partof 
the  bluff  exhibit  a  dark  blue,  almost  black  color  near  the  water's  edge, 
while  the  same  stratum  is  seen  to  be  a  white  saud  where  it  outcrops  at 
the  top  of  the  bluff  higher  nji  the  river. 

Later  observations  in  1880  by  Mr.  Langdon  and  myself  have  shown 
clearly  that  the  difforeuijes  in  these  yellow  sauds  and  bluish  micaceous 
sandy  clays  ari.se  iiuTi'ly  from  different  degrees  of  oxidation.  In  some 
of  the  outcrojKS  observed  by  ns,  e.g.,  in  Little  Texas,  Uutler  County,  aud 
in  Lowndes  County,  bliiisli,  ndciiccous  sands,  identical  in  appearance 
with  those  making  the  lower  part  of  the  Bridgi^pnrt  Bluff,  arc  seen  along 
the  banks  of  Cedar  Creek  directly  underlying  the  Nautilus  rock  and 
Turritella  limestone  which  lie  at  the  base  of  the  Tertiary.  The  same 
thing  may  likewise  be  spen  in  the  upperpartofiMarengo  County,  whjre 
it  has  b(«n  found  iin|K)Ssibleto  separate  the  yellow  sands  from  tlie  blu- 
ish, sandy  clays. 

Third.  Calcareous  beds  some  twenty  feet  in  thickness,  holding  great 
numbers  of  Cretaceous  fossils,,somo  well  preserveil,  others  only  in  casts, 
which  in  every  case  aj>pcar  to  be  very  strongly  phosphatic.  One  of  the 
layers  of  this  section  is  a  sandy  limestone  containing  a  large  percentage 
of  phosphoric  acid  (see  details  below).  These  beds  appear  in  a  sniiill 
bluff  at  the  mouth  of  Tear  Up  Creek,  above  Bridgeport ,  which  has  bei  n 
studied  by  Mr.  Johnson;  also  in  localities  recently  examined  by  Mr. 
Langdon  aud  myself,  viz,  in  the  bluff  at  the  old  Canton  landing;  on 
Foster's  Creek,  in  Gee's  Bend;  near  Snow  Hill,  Wilcox  County,  aud 
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Minter,  Carlowville,  and  Sicbmond,  in  Dallits  County;  the  foar  last 
named  localities  were  also  visited  by  Mr.  Johnson  in  1883. 

Foartih.  From  sixty  to  one  hundred  feet  of  sand,  with  indurated 
bands  of  calcareous  sand  passing  through  it.  These  hard,  projecting, 
sandy  layers  are  usually  filled  with  the  shells  of  large  Exogyra  oostatn 
Say  and  Orypluea  mutabilis  Mort.  The  thickness  of  these  sandy  beds,^ 
which  apparently  immediately  overlie  the  Rotten  Limestone,  has  not 
yet  been  accurately  determined,  but  we  see  some  fifty  feet  or  more  of 
them  at  Prairie  Bluff. 

Prof.  A.  Winchell  ^  considers  the  rock  at  the  base  of  Prairie  Bluff  as 
the  topmost  of  the  Botten  Limestone  formation,  and  if  this  supposition 
be  correct  we  have  the  complete  section  of  the  Ripley  formation.  We 
were,  however,  unable  to  satisfy  ourselves  of  the  identity  of  any  of  the 
rocks  at  Prairie  Bluff  with  the  Rotten  Limestone,  though  we  are  con- 
vinced that  the  top  of  the  latter  formation  does  not  lie  far  below  the  low- 
ermost of  the  Prairie  Bluff  strata,  since  Rotten  Limestone  appears  in 
the  hills  near  the  river  a  short  distance  above  Prairie  Bluff. 

SECTIONS  OF  THE  RIPLEY  FORMATION. 

In  the  subjoined  sections  and  in  the  figures  on  Plate  XIX  we  have 
given  in  detail  the  characters  of  the  strata  making  up  these  subdivisions 
of  the  Ripley  formation.  These  sections  are  given  in  descending  order, 
that  is,  beginning  with  that  one  which  shows  the  uppermost  of  the 
strata,  and  in  the  figures  of  Plate  XIX  the  equivalence  of  the  several 
sections  is  indicated  as  nearly  as  it  can  be  made  out.  In  most  cases  the 
eqnivalence  is  very  clearly  seen. 

Near  Palmer's  Mill,  on  Pine  Barren  Creek,  in  the  eastern  part  of  Wil- 
cox  County,  Mr.  Johnson  in  1883  obtained  the  following  satisfactory  sec- 
tion showing  the  actual  contact  of  Tertiary  and  Cretaceous  strata.  The 
locality  was  also  visited  by  myself  in  1885,  as  mentioned  above. 

(a)  Pine  Barren  section.    (Plate  X  VIll^  Fig,  1,  p.  1G7,  and  Plate  XIX,  Fig,  1,  p.  171.) 

1.  Hard|  grayish  white  limestone,  characterized  by  great  numbers  of  a  large  Nautilus 

{Enclimatooeras  Ulrichi  White),  and  hence  designated  by  us  as  the  '^Nautilus 
Eock" 10  feet. 

2.  Calcareoos  sands  forming  the  basis  of  the  sandy  prairies  of  the  vicinity 6  feet. 

3.  Hard,  yeUowish  white,  crystalline  limestone,  sandy  in  places  and  filled  with  red 

specks.  Higlily  fossil! ferous,  a  Turritella^  closely  related  to  T.  Mortoni,  being 
the  chief  fossil,  along  with  a  Cardita^  two  or  three  species  of  coral,  and  numerous 
oysters.  This  is  one  of  the  most  persistent  of  the  lower  Tertiary  rocks  towards 
the  eastern  part  of  the  State 8  feet. 

4.  Yellowish,  micaceous  sands,  with  Cretaceous  fossils 55  feet. 

5.  Blaiah  gray,  calcareous  sands,  with  one  or  two  very  prominent  hard  ledges  4  feet 

apart,  and  two  or  three  smaUer  ledges  of  similar  character.  Thickness  seen  at 
PalmeT'9  Mill 15  feet. 

»Proc.  Am.  Assoc.  Adv.  Sci.,  Vol.  X,  Part  II,  p.  91,  1856. 
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Ill  tliis  section  the  lowest  Tertiary  bed  is  So.  3  and  tho  uppermost 
Cretaceous  No.  i,  as  in  very  eiearly  sbown  b,v  tbe  included  fossils  of 
'«acb,  and  as  the  two  aro  in  direct  contact  there  can  be  no  question  of 
their  relai.io?is. 

Bridgeport. —  On  the  way  from  Canideu  to  Bridgeport  the  road  de- 
flceuds  a  long  clay  bill,  in  which  the  clays  of  the  Black  Bluff  horizon 
form  the  surface  (see  I'iue  BaiTen  Bection,  under  the  Tertiary,  Plate 
XVIII).  At  the  foot  of  the  hill  i.s  the  yellowish  white,  crystalline  linie- 
stoue,  No.  3  of  the  ]»receding  Rcclion,  and  below  that  yellow,  micaceous 
sands  to  the  landiug. .  At  the  Bridgeport  Landing  these  yellow  sands 
form  tho  upi>6r  part,  of  the  blnlf,  though  their  whole  thickness  is  not 
seeu  in  the  Immediate  bluff  of  the  river,  bnt  may  be  aeen  at  the  base  of 
Uie  hills  immediately  back  of  the  river  bluff. 

The  section  at  Bridgeport  is  as  follows: 

(!■)  SKlional  BHdgeporl  lUiiff,  Alabama  Jtirer.    {Haft  XJX,  rig.Q.p.  \'l.) 

1.  Yallowisli,  clajoy  Bimils,  pioliablj  rairorktfd . . lU  fevt. 

S.  Coarse,  yellotr  ouadB , lU  I'vct. 

3.  Laminated,  gray  clays 1  foot. 

4,  Projeotiug  ledge  of  Bandy  clay  of  dark  gray  color , 1  foot, 

'£.  Dnrk  gray,  nearly  black,  sandy,  and  iu  some  parts  mlcaceoua  claya,  in  beds  about 

3  feet  thick,  separated  by  Lard  projecting  ledge*  of   sandier  material  and  of 

Ijgbter  color  and  averaging  8  to  ID  inches  in  thickness 22  f««t. 

'&  Projecting  ItMlge  of  light  onlorad,  sandy  material,  formini;  a  pretty  firm  sandstoa^. 

This  lodge  breaks  oil'  In  cuboidal  blucks,  whicb  roll  down  and  cover  the  slope  b«- 

•  low  it - ISii.ehfa. 

7.  Dark  gray  elaj-s 3  fL-et. 

8.  J'n>iocting  sandy  ledge ; 1  fool. 

9.  Dark,BniulyclBys,«-iihl«ooriii..roliiird,Tli'.ls.'s..l"wii  tnili..«iil.Tlevl-.lor<.,.t, 
The  ledge  Xo.  C  makes  a  very  promiiu'nt  ni;irlv  along  the  face  of  the 

bluff',  as  it  is  more  persistent,  harder,  and  more  rock-liko  than  i  lie  others. 
No  distinct  and  well  defined  fossils  were  found  at  this  ]ilace  in  the  mi- 
caceous clays,  but  in  one  or  two  of  the  harder  ledges  below  Xo.  (>  were 
found  a  few  friable  sbells  of  Oslrea,  one  IWh-n  qiihi'iuceostntus  Sow,, 
and  a  few  indistinct  impressions  of  other  fornix,  two  of  which,  if  Mr. 
Johnson  is  not  mistiiken  as  to  their  elianieteiistics,  he  was  eiialiji'il  ai 
Eufanla  to  identify  as  yni'tihix  Ikhiyi  ^\wt.  :nid  I'hinnta  mabm  .M.nt. 

VcDiton  Laniliiig. — A  sliiTl  disliinte  below  iJrLdj;i'port  there  is  an  ex- 
posure of  Cretaceous  rixrks  at  the  old  Canton  Lniiding  and  in  the  hill 
which  comes  down  nearly  to  thc^riverbiuffat  tliat  phiee.  This  locality 
was  examined  by  Mr.  Langdon  and  niy.seli'  in  the  summer  of  IfcSj.  It 
presents  the  following: 

{!■)  n-ctioa  at  Ihc  vlil  (".ihI.ih  I.ainllny.  .Ilahawa  I.'irri:     (/'drfc-  .Vi.\,  yiy.  h,  jj,  ITl.) 

1.  Yellowinh  gray, ciilciiri'n us, clayey  sniiils  in  beds  H  tn  .".  fret  Ibii.'k,  separated  by 
harder  projecting'  led<!e,-iof  Hoiuen-br.t  saudier  maleriitl  averaging  purliaps  afoot 

iu  thickness _ lOllfcet, 

The  hard  ledges  named  li.ive  a  tendency  to  iUke  oH'on  ivoatlieriujj  into  sheets 
as  wide  as  the  band.    Tliey  oflen  al«.  brLviI;  oil' into  frattineuls  which  are  of  very 
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irregular  shape  and  of  Tougli  snrface.  All  these  beds  make  np  the  hill,  appear- 
ing at  intervals  through  the  overlying  debris,  but  no  continuous  section  is  ex- 
posed.  In  some  places  the  clayey  sands  lying  immediately  below  one  of  the  hard 
ledges  have  the  bluish  black  color  which  characterizes  the  whole  of  the  lower  part 
of  the  Bridgeport  blu£f,  with  which  there  seems  to  be  very  little  doubt  that  these 
are  identical. 
13.  Yellowish,  calcareous,  sandy  clays  like  the  preceding,  with  a  hard,  sandier  ledge 
above  and  below,  making  top  of  immediate  bl uff  of  the  river ^ ...10  feet. 

3.  Bluish,  micaceous  clays,  the  counterpart  of  those  at  Bridgeport,  with  two  or  more 

indurated  ledges 12  feet. 

4.  Light  gray,  calcareous  sands,  with  an  indurated  ledge  of  nearly  pure  sandstone  at 

the  base.  The  upper  part  of  this  bed  is  disposed  to  form  rough,  indurated  masses 
holding  phosphatized  shell  casts  and  phosphatic  nodules 6  feet. 

5.  Bluish  gray,  sandy  clays,  much  more  clayey  than  the  preceding  bed,  about  5  feet 

in  thickness,  passing  below  into  a  more  sandy  bed  3  feet  thick,  containing  numer- 
ous shell  casts  and  nodules 8  feet. 

6.  Bluish,  argillaceous  limestone,  containing  great  numbers  of  Exogyra  oostata  Say, 

Gryphaa  mutahilie  Mort.,  and  phosphatized  shell  casts ^..    3  feet. 

7.  Bluish,  calpareous  sands  containing  many  well  preserved  shells,  prominent  among 

which  is  a  SpondyluSy  Pecten  quinquecostatua  Sow.,  together  with  phosphatized 
casts  of  Nautilus  Dtkayi  Mort.,  turreted  shells,  &c.  This  bed  goes  down  to 
water  level 3  feet. 

At  this  bluff  there  is  a  very  distinctly  defined  fault,  where  some  fifty 
yards  of  the  face  of  the  bluff  have  slipped  down  a  distance  of  five  or  six 
feet.  The  line^  of  fault  on  each  side  of  this  piece  are  marked  by  broken 
fragments  of  the  beds  or  so-called  "fault  rock"  (see  Fig.  1,  p.  132). 

In  this  section,  beds  Nos.  2  and  3  are  entirely  similar  in  mineral  com-^ 
position  and  appearance  to  part  of  the  Bridgeport  bluff,  and  the  over- 
lying beds  are  also  similar  in  composition,  though  of  much  lighter  yel- 
lowish color,  which  is  in  all  probability  due  to  their  greater  degree  of 
exposure  to  the  oxidizing  action  of  the  weather.  This  bluff  is  only  a 
mile  or  so  distant  across  the  strike  of  the  rocks  from  Bridgeport,  and 
there  seems  to  be  no  reason  for  doubting  that  the  bluish,  micaceous 
clays  and  sands  of  Bridgeport  are  identical  with  the  yellowish,  sandy 
clays  with  indurated  ledges  which  form  the  upper  members  of  the  Can- 
ton section.  The  beds  numbered  from  4  down  we  consider  the  same  as 
those  appearing  at  the  top  of  the  bluff  at  Prairie  Bluff,  to  be  presently 
described. 

Foster^s  Greek. — The  beds  above  described  at  Canton  landing  continue 
across  the  bend  lying  to  the  east  and  known  as  Gee's  Bend,  where  they 
may  be  seen  in  the  banks  of  Foster's  Creek,  on  John  H.  Pettway's  land. 

{d)  Section  on  Foatei's  Creek,     {Plate  XIXy  Fig.  4,  p,  171.) 

1.  Yellowish,  calcareous,  clay  soil  supporting  a  vegetation  almost  exclusively  of  cedars. 

ii.  Dark  gray,  sandy,  micaceous  clays  like  those  at  Bridgeport  landing,  in  beds  of  5  to 
6  feet  thickness,  separated  by  harder  ledges  of  lighter  colored  and  sandier  ma- 
terial  30  feet. 

In  the  lower  part  of  these  beds  were  collected  by  myself  some  of  the  small 
Gryphssas,  probably  Gryphcea  vomer  Mort.,  first  seen  by  us  at  Moscow,  on  the 
Tombigbee  River. 
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3.  Crtain  colorod,  impnre  limestone,  glnaconitic,  haldlng  aome  ptuxphAtiied  bIwII 

cmM S£c«t. 

4.  Ledge  of  coarse  ^aJuiMl,  calu&ri^ous  Kiailatone S  ttttl. 

5.  BlniaU,  olsyey  liinestoiie,  do  fossila  at  t.be  top,  liat  ftlletl  in  ils  lun-er  parte  wiih 

Tossila  wbirh  are  io  many  instaucea  onlj-  ttie  pbospbatlzed  eoata  of  the  shell. 
Among  tbe  forms  collected  here  v.-e  have  iilcotiGed  tliefolluuiag;  A  Sponiliftii$, 
same  as  that  at  Canton ;  Grgpkan  iHiilabilia  Mort.,  Exoggra  omiala  Say,  ScapkitH 
VonradiMoit.,  yautilHa  Duka^iloTt.,  &c SO  feet. 

6.  Dftrk  brown,  CTj-ataltine,  pboiphfttic  limailnne ]  foot. 

7.  Yellowish  white liiuestono  down  to  wuter 1  foot. 

lu  anotber  ]>art  of  the  same  plantation,  on  what  is  called  Livingston 
Hill,  the  phosphatic  liinomtoue  and  accompauying  rocks  maj  again  be 
8e«u.  From  the  geograpliical  position  of  the  beds  represented  iu  the 
above  section,  there  is  every  reason  to  think  that  they  nnderlie  the  visi- 
ble portioQ  of  the  bluff'  at  Bridgeport.  The  identity  of  the  lower  20  feet 
or  80  of  this  and  of  the  Oauton  section  is  snfficieutly  clear. 

Tear  Up  Creelc. — A  few  miles  above  Bridgei>ort,  at  the  moath  of  Tear 
Up  Creek,  Mr.  Johnson  obtained  iu  1883  a  good  section  of  the  beds  un- 
derlying those  of  the  Bridgeport  bluff  and  was  able  to  trace  the  con- 
nection  between  the  two. 


(e)  Sectioa  at  Ihf  w\aiilh  nf  Ta\r  Cp  Vretl.     {.P'ale  SIX.  Fig.  5,  p.  V 


i 


'    1.  FerrnglDoiiH,  saiidj*  marl  full  of  Cretocnoiu  fosgila „.  .3  feet 

H.  Very  firm,  white  limeatnno,  no  fossils  seen B  fast. 

fi.  Firm  limeBtoue,  with  a  few  foanils 2  fret. 

4.  Sandy. calcareons  beds,  witli  linn  Aiiiiwiiiiln .4  feel. 

r..  Sandy,  indurated  linii-HToii.'  rnniiins  ii  hm:td  li-ilne 1  lo2  fret. 

ti.  Ar;;illacGoiialiLii.'Jftoii.>.  \s\!h  JC.oyyu  c<„lala,  Ac -(  U-A. 

The  fossils  of  this  Iditir  ;nv  plainly  Cretaci'ous  iind  n'^emblc  tlic  finest 
of  those  occnrriii;;  ;it  I'raiiie  Hliitf.  Tlicie  is  {;oc.<l  ri'iisoii  for  tliinkiu^j 
that  most  of  tlie  line  .-^piTiiLU'iLs  of  tin-  dhl  TLumiey  collfclimi  hilit-Icd 
"Bridgeport"  have  conif  IVixn  lliis  locality  [L.  C.  -r.).  Tlie  (hirl;,  Mii.;i- 
ceous  ejiiy.sof  r.ri.lj;t-pnM  are  easily  r.-e.i^'iii/.ed  in  the  bed  of  Tear  I'p 
Creek  between  its  tuoiith  and  its  sonice  niider  :\I.;N.-iil  Monutain.  as 
shown  in  riate  XiX,  Ki;;.  "».  As  has  aliiMily  been  pi-iii ted  out,  they  are 
seen  also  in  the  banks  of  I'ine  IJaneii  lieek,  at  PahaeL's  Mill.  The  fns- 
siliferoits  portion  of  this  bliiHis  niiilmibtfdiy  eiinivaleiit  t"  the  f(..s.-<ilitVr- 
ons  beds  o'j(airring  on  Foster's  Cieek  and  at  (.'anion  Landing,  above 
dtseribed,  as  also  to  Ihose  at  the  top  of  t)ie  I'lairic  JthilV,  given  be- 
low. 

Uniing  the  sinnriier  of  ISSfl  Mr.  Latifidon  and  myself  went  in  a  sUilf 
from  BridgejHu-t  to  Prairie  Blulf  and  saw  no  Ilotten  Limestone  iu  any 
of  the  river  bluffs,  idl  these  exposures  representing  the  Bridgeport  aiid 
Prairie  Bhift"  strata  only. 

The  principal  exposui-es  are  the  following:   From  Britlgejiort  the 

bliitf  extends  about  a  mile  down  the  river,  aud  then  after  a  barren 
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Stretch  of  two  miles  or  more  come  the  bluffs  at  the  old  Cantoa  Landing 
described  above,  and  below  that  the  following : 

(/)  Section  four  or  five  miles  beloio  the  old  Canton  Landing,  Alabama  River. 

1.  Sandstone  ledge,  fossiliferoas,  yellowish,  and  wearing  into  very  irregular  shapes, 

1  to  1^  feet. 

2.  Highly  fossiliferons,  hlne  sand,  becoming  light  gray  below,  containing  Oatrea 

larva^  Exogyra  coBiataj  Turriiellay  &c.,  very  much  resembling  specimens  from 
Enfaula 5  to  6  feet. 

Two  hundred  yards  down  the  river  other  underlying  beds  are  to  be 
seen,  as  follows : 

3.  Sandstone  ledge 1  to  li  feet. 

4.  Light  colored  sands,  no  fossils  observed 20  feet. 

At  an  old  abandoned  landing  just  above  Mixon's  we  get  a  very  good 
section,  as  follows : 

(g)  Section  near  Mixon^s, 

1.  Yellow  sands  making  top  of  the  bluff  back  of  the  immediate  river  bank,  at  least 

30  feet  exposed,  but  apparently  forming  the  whole  slope  of  60  feet 60  feet. 

2.  Blue,  micaceous  sands,  with  the  same  fossils  as  No.  2  of  the  preceding  section, 

6  to  8  feet. 

3.  Sandstone  ledge 1  to  l^feet. 

4.  Light  colored  sands 30  feet. 

5.  Hard  sandstone  ledge 1  foot. 

6.  Blue,  micaceous,  sandy  clays  (few  fossils) 10  feet. 

A  mile  or  two  above  Prairie  Bluff  there  is  a  high  bluff  very  much  re- 
sembling that  at  the  former  locality.  The  strata  are  undulating,  at  the 
lower  end  of  the  bluff  dipping  down  stream  at  the  rate  of  1  foot  in  10, 
at  the  upper  end  lying  nearly  horizontal.    The  beds  here  are  as  follows : 

(h)  Section  one  mile  above  Prairie  Bluff  {Rocky  Bluff),  Alabama  River. 

1.  In  the  cliff  just  back  of  the  immediate  bluff  of  the  river  there  are  about  40  feet 

of  strata,  light  colored,  calcareous  sands,  with  indurated  bauds,  as  at  Prairie 
Bluff 40  feet. 

2.  Dark  blue,  sandy,  micaceous  clays,  with  a  few  fossils,  chiefly  Anemias  ....20  feet. 

3.  Hard,  yellow,  sandy  ledge,  the  broken  pieces  of  which  cover  the  slope  of  No.  4. 

It  dips  below  water  at  the  lower  end  of  the  bluff 1  foot. 

4.  Grayish,  fossiliferons  sands,  full  of  shells  of  Pecten  quinquecoatatus,  which,  how- 

ever, are  very  friable 8  feet. 

5.  Hard,  yellowish,  sandy  ledge  like  No.  3 1  foot. 

6.  Bluish  gray,  calcareous  sands,  with  some  fossils ..lOfeet. 

In  all  these  bluffs  the  indurated  sandstone  ledges  are  of  very  irregu- 
lar thickness  and  lateral  extent  and  are  probably  only  local  deposits  in 
the  regular  strata  or  local  indurations  of  tbe  sands. 

Prairie  Bluff. — This  locality  has  been  visited  by  Professor  Tuomey, 
Professor  Winchell,  and  others.^  We  have  very  little  to  add  to  their 
descriptions,  except  to  point  out  tbe  probable  equivalences  of  the  beds 

^Described  in  First  Bien.  Rep.  Geol.  Ala.,  1850,  and  Proc.  Am.  Assoc.  Adv.  Sci., 
Tol.  X,  Part  II,  p.  90,  185a 
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occHiriDg  here  with  those  jiist  ileseribed.    The  bluff  shojvs  the  fblln-- 

iog: 

(0  Sectiov  at  /"rairw  tiluff,  JIabama  Itifcr.     (/''qm  SIX,  Hg.  fi,  p.  171.) 


1.  Bluish  limosliiiKi  coutAintng  Exogi/rn cotlata,  Or!/[th<Ba  mnlabillt,  aud  great 

of  ahcU  caatn,  nbiuh  ure  mostly  phoBiihatiEed.  Tbiii  limi-atonH  faaa  two  Iwri 
ledgea  passing  tUrongli  it.  ProresKor  Winchell  ^ves  6  fuet  aa  the  t))ickn«w  •( 
tbie  limvstoue,  bat  we  iacInilH  nith  it  Bome  orurlyiug  fosailircrous,  eundjr  bed* 

nndmake  the  tbicknesA' iO  trt*. 

Among  the  forms  reoogaized  iu  cast"  or  othcririse  from  thLa  stratum  may  In 
nientioited  Orfpkaa  mmvexa,  Flanuna  Bcabrn,  Scaphilea  Conradi,  and  AVmtilN*  !)*• 
kayi.  Beeiilca  these  tliere  are  very  njany  other  turreted  «tielU  not  fully  Identi- 
fied, The  asBociatioQ  is  the  same  as  at  Cautou  Laadiog,  Faster'a  Creek,  Teac  Up 
Croek,  &e. 

9.  Sandy  hods,  with  hundB  of  hardeoi^ii  sand  pneBiQj;  throngh  them  ;  tliosa  b>l4tr 
ledgea  are  iisiinlly  fossitireroiis,  the  coiiii])iiiii.'st  tornis  baiuf^  Exogyra  co«laltiuti 
Grsphna  mutabilii.    Thesu  sauds  form  all  the  lower  part  of  the  blulT.  .50  to  GO  btt. 

The  upper  aaud;  beds  contaiu  great  uuinbers  of  Ostreafalcata  Mor^ 
The  lower  beds  are  of  dark  bluo  color,  but  they  bleach  out  to  neailf 
wliite  sand  where  they  come  to  the  top  of  the  bluff,  a  short  distance  up 
the  river  from  the  landiug. 

The  dip  of  the  stntta  at  Prairie  Bliill*  is  very  considerable,  being  ad 
high  as  300  to  350  feet  to  the  mile.  Between  Prairie  Bluff  and  £ebo- 
both  the  hills  are  formed  of  the  strata  overlying  the  limestone  No.  1  rf 
the  section.  These  sire  yellowish,  inicaceotis  sands,  in  beds  5  to  C  feet 
ill  Ihickneiis,  wiiaratiMl  by  SLintly  leil;;t'M,  and  in  JiU  lo^in^ots  similar  to 
the  upper  100  feet  of  the  section  at  the  old  Canton  Landing.  In  structure 
and  genera!  a|i|>farai!ce  they  iire  like  tlic  dark  cohired,  sandy  clays  of 
Bridgeport,  but  the  color  is  niiioh  lighter,  due,  as  we  believe,  to  the 
more  complete  oxidation  of  the  materials.  In  these  sands  there  are,  iu 
some  localities,  great  numbers  of  irreguhir  calcareous  concretions.  All 
the  shell  casts  occurring  in  the  upper  calcareous  part  of  Prairie  Bluff, 


■  Iu  the  BiiuiimT  or  Ititif,  Mr.  Laiisdoii  guvo  lliis  bluff  a  closer  exauilii.itioi)  He 
sutHlividos  thai  jKirt  of  No.  1,  imiuucUatrly  above  tho  saml!!,  as  follows : 

1.  Shitly,  culuari'oiis  sauds.  ycllowi:ih  gray  ou  weatliLTol  Burfacii ;  coatnins  a  scum  of 

phiisphiitic  gri-eiisaiid at  tho  top,  iiiiiuiHliatt^ly  undcnicuth  the  warehouse.. 4  foti. 

2.  Pseudo-Rottun  Liiiit-stouo,  i.  o.,  Ciilcoreoiis  clny :i  {tn. 

a.  .Sh.ll  eoiigloi.ieni(« :1  |u  4  fo.l. 

4.  Light  colored  sands  &c.,  Xn.  'i  of  the  section  in  |he  ttvt  hIi»vi>. 

Mr.  Laiifiden  iiiakca  the  nilditiouiil  iitijiorlaiit  observatiou  hwu  that  tho  very  rapid 
dip  down  sircain  is  confiiicd  to  tho  Randy  Ktratci  No.  4,  mid  is  iicit  shared  ljy  Xn.';.  ••  .md 

3.  which  hnlf  a  mile  below  the  narvhoiise  aro  ouly  about  tcu  feet  iicart-r  tvaier  li-icl 
than  nt  the  waruhuuHo,  while  the  upperLiiost  indurated  lodge  in  tho  snnda  No.  4  dl]is 
below  the  waliT  within  adistaiicnof  3<H)  yanis,  a  descent  of  some  40  or 50  feet.  This 
obsorvatien  would  slion-aii  unconformity  butwrcn  tbt  eakarcous  and  tho  aaudj-povii' 
of  the  strata  at  Prairie  BlulT. 

Our  discovery  of  the  phosphatic  (jroensund  here  tises  its  position  in  the  geologic.il 
scale.  Tho  bed  at  Contnpa,  lu  Snuiti.T  County,  scums  to  have  a  similar  position,  but 
it  appears  now  pnibabtu  thiit  there  aro  at  least  twoof  tlicso  pboHpbatic  grecnsauiU  iu 
the  Kiplcy  formal iim. 
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together  with  the  calcareoas  sandstone  which  is  included  in  the  lime- 
stone, are  very  strongly  phosphatic,  as  has  been  shown  by  the  recent 
investigations  of  the  Geological  Survey  of  Alabama. 

In  the  foregoing  sections  the  calcareous  and  fossiliferous  parts,  about 
20  feet  in  thickness,  appearing  at  the  mouth  of  Tear  Dp  Creek,  on  Fos- 
ter's Greek,  at  the  base  of  the  Ganton  Bluff,  and  at  the  top  of  Prairie 
Bluflf  are,  we  think,  the  same;  for,  though  there  seem  to  be  slight  differ- 
ences in  the  succession  of  the  different  materials  which  constitute  these 
beds,  these  differences  are  in  many  cases  due  to  differences  in  the  group- 
ings. The  general  impression  made  upon  the  mind  in  inspecting  them 
is  that  they  are  identical ;  they  contain  the  same  fossils  and  in  the  same 
state  of  preservation  5  they  hold  strata  of  sandy  limestone,  or,  rather, 
of  calcareous  sandstone  which  is  very  highly  phosphatic ;  in  some  in- 
stances, where  analyses  have  been  made,  they  hold  from  10  to  15  per 
cent  of  phosphoric  acid.  In  all  cases  they  are  overlaid  by  micaceous, 
clayey  sands,  traversed  by  indurated  bands  of  similar,  but  rather  more 
sandy,  material.  These  overlying  beds  differ  sometimes  conspicuously 
in  color,  which  at  Bridgeport,  near  the  water  level,  is  a  dark  blue,  while 
on  the  hills  back  of  the  old  Ganton  Landing  and  back  of  Prairie  Bluff 
the  color  is  a  yellowish  gray.  This  difference  can  be  accounted  for  by 
differences  in  degree  of  oxidation,  for  where  the  color  at  the  surface  is 
yellow  we  have  noticed  that  upon  digging  into  the  beds  a  few  inches  the 
dark  color  may  be  seen  in  most  cases,  hi  our  minds  there  is  no  doubt 
of  these  equivalences.  Prof.  A.  Wiuchell  is  of  opinion  that  the  lower 
beds  of  the  Prairie  Bluff  section  belong  to  the  Eotten  Limestone,  but 
we  were  unable  to  discover  anything  there  which  we  could  identify  with 
the  Eotten  Limestone.  There  is  no  doubt,  however,  for  reasons  above 
given,  that  the  Rotten  Limestone  is  not  far  below  the  lowest  of  the 
Prairie  Bluff*  sands. 

Moscow. — On  the  Tombigbee  River  we  have  seen  only  one  locality 
where  the  strata  of  this  division  of  the  Cretaceous  appear,  and  that  is 
at  Moscow,  a  mile  or  two  above  Black  Bluff,  already  described. 

(/)  Section  exposed  at  Moscow  and  heloWj  Tombigbee  River,    {Plate  XIX,  Fig,  7.,p,  171.) 

1.  Black,  sbaly  clay,  devoid  of  fossils,  bat  containing  a  few  ronndcd,  coacretionury^ 

masses  like  fucoids.  This  stratum  appears  below  the  Moscow  Landing  and  in  the 
principal  stratum  at  the  mouth  of  Sucarnochee  River.  Thin  layers  of  calcite  lie 
upon  this  clay,  having  been  weathered  out  from  between  the  layers  of  clay,  in 
all 6  to  8  feet. 

2.  Dark  blue,  shaly,  argillaceous  limestone,  with  thin,  projecting  ledges  of  harder 

material,  10  to  12  fed  thick  near  Moscow,  but  down  the  river  thickening 
up  to 20  or  30  feci. 

3.  Thin  ledge  made  up  almost  entirely  of  the  shells  of  the  small  Gryphsea  {Gryphwa 

vomer),  noticed  also  at  Foster's  Creek,  in  Gee's  Bend 8  to  12  inches. 

4.  Hard,  white,  argillaceous  limestone,  with  Exogyra  coatata,   Gryphaa  mutabilis, 

&o lOfeet.* 

*  Near  the  landing  this  bed  is  not  loss  than  25  feet. — E.  A.  S. 
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Tbis  Btratam  is  iodarat^d  near  tbe  top,  fonniDg  »  lianl  ledge  wbieli 
is  higbly  fossiliferoQs,  contaitiiug  Gxogyra,  Gr>-plisKA,  Satttilu»  Itetagi, 
Bacnlites,  and  univalve  sbella  in  phoepliatizcd  casts.  Many  of  these 
caiitis  are  covered  with  little  lumps  of  reddish,  phospbatic,  clayey  maie- 
rial,  wbicb  bas  replaced  tbe  wbole  of  tbe  origiual  matter  of  the  sbell& 
Casta  of  this  kind  have  been  ooticed  in  thv  ittrata  of  tbi«  horizon  all 
acroae)  tbe  State  to  Barbour  County  and  seem  to  be  qoite  characteriKtic: 

In  tbie  argillaceous  limestone  there  is,  near  the  top,  a  very  irregahu*, 
baid  ledge  ooui^isliiig  iii  the  main  of  commiunted  shells  embedded  in  a 
eanilyimatrix.  This  le<lge  is  very  variable  in  thickness,  ranging  from  a 
mere  line  iiji  to  10  feet,  and  is  not  conformable  with  the  rest  of  the  strata, 
bat  appears  to  form  irregnlar  coucretionarj'  or  segregative  masses  in  the 
limestone.  It  containa  a  considerable  percentage  of  phosphoric  acid. 
A  similar  phosphatic  saudy  bed  appears  at  top  of  Prairie  Blnfi^  at  the 
base  of  the  Canton  Blntf,  and  in  the  bank  of  Foster's  Creek,  above 
described. 

Tbe  dip  of  the  i«tnita  at  Moscow  is  very  rapid  down  the  stream,  and 
at  the  same  time  irregular,  beiug  in  places  as  much  as  550  feet  to  the 
mile,  in  which  reGi)ect  it  agrees  with  tbe  dip  at  Prairie  lilufl.  It  is 
to  be  lemarkt-d  that  tbe  dip  of  the  Tertiary  beils  ooarefit  to  these  two 
sectious,  viz,  Black  Bhill'on  the  Tombigbee  and  at  Midway  and  at  Hat- 
'  thewu's  Landing  on  the  Alabama,  is  very  mnch  less,  being  only  aboat 
thirty  to  thirty-fire  feet  to  the  mile.  Tbe  dip  of  the  ICipley  beds,  iudeed, 
espc-tially  ui-ar  tho  (op,  s(-.;rtis  ti>  lie  c<.Mi.-;i<li-r,il>ly  kiwiIit  lli-nt  Ibut  <•( 
the  underlying  Rotten  LirncHtone  aud  other  Cretaceous  strata. 

Ill  the  summer  of  1  SSiJ  Jlr,  I,an;.'<loii  iiuil  iiivsolf  iiiade  a  mure  careful 
exitiiiiiiationof  the  IdiiUs  ln'tweeu  llosi.'ow  mid  IUl- cut  oil',  Just  above  the 
uioutb  pf  Suciiniochec  Creek,  a  distatieo  of  u  iiiilu  or  two.  AVe  found 
the  strata  not  only  strouf^ly  uuduJating,  but  iu  six  or  eight  places  very 
distinctly  faulted,  with  a  displacciuent  of  iieriinps  ten  feet  maximuui. 

Good  photogruph.s  were  ohtaiiufd  of  two  of  these  faults,  and  diagrams 
weie  made  of  several  others.  A  very  careful  nieasurement  of  the  thick- 
iiesses  of  the  several  strata  exjiosed  here  coutiniis  the  estimates  above 
given  in  the  lloscow  section,  except  that  the  blaek  clays  may  be  a  little 
thicker,  and  the  white,  arjiillaceons  limestone,  Xo.  4,  is  at  least  25  feet 
thick  at  tho  laiuliiij,'.  Our  fdrnier  measurement  was  made  a  short  dis- 
tance below,  where  only  H)  feet  of  it  were  seen. 

The  piiekcls  of  eniss  lieddcd  sandstone  which  are  noted  as  occurring 
at  irrejiular  intervals  tu  this  liiiiestoiie  are  of  veiy  limited  extent  and 
of  varying  1]liekne^s.  Iti  one  or  twii  iristauees  they  have  been  brokeu 
by  the  faults  aliovc  imte.t.     (See  riate  X,  p.  i;ja.) 

rhich  we  lind  most  dillieult  of  exijlanatioii  at  Moscow  is  the 

1  the  undoubted  llijiley  limestone,  which  appears  to  be  the 

I'ith  the  beds  at  the  old  Canton  Lauding,  in  Gee's  Bend, 

(tb  of  Tear  Uji  Creek,  &c.,  to  the  black  clays  of  the  Black 
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Bluff  section  (Tertiary),  without  any  show  of  the  Bridgeport  sandy 
clays  and  the  Nantilns  and  the  Tarritella  rocks.  And  as  the  black  clays 
and  the  Oretaceons  limestone  are  in  actual  contact,  visible  to  the  eye, 
we  cannot  explain  the  failure  of  these  beds  to  appear  here,  by  interrup- 
tions in  the  continuity  of  the  river  bluffs.  It  is  possible  that  the  black 
clays  may  be  the  representatives  of  the  Bridgeport  beds,  but  it  is  not 
probable,  for  the  reason  that  they  are  lithologically  identical  with  the 
clays  of  Black  Bluff,  which  is  hardly  more  than  a  mile  distant. 

For  the  sake  of  greater  completeness,  we  give  below  a  few  sections 
obtained  in  the  southern  part  of  Dallas  County  where  the  Kipley  beds 
are  exposed.  These  localities  have  acquired  a  practical  interest  from 
the  circumstance  that  they  include  a  bed  of  phosphatic  greensand 
which  has  been  used  with  profit  upon  the  soil  as  a  fertilizer.  In  addi- 
tion to  this  greensand  bed,  there  is  also  a  sandy,  phosphatic  limestone 
which  may  some  day  be  utilized,  since  it  holds  a  very  considerable  per- 
centage of  phosphoric  acid. 

Sfioit  Mill  to  3/m^er.— The  town  of  Snow  Hill  occupies  the  summit 
of  a  long  ridge,  at  the  southern  end  of  which  the  Nautilus  and  the  Tur- 
ritella  rocks  of  the  lowermost  Tertiary  form  the  surface,  while  at  the 
northern  end  of  the  ridge  the  underlying  yellow  sands  are  the  surface 
materials.  Descending  this  ridge  towards  the  north,  one  passes  over 
yellowish  gray,  micaceous  sands,  alternating  with  hard,  sandy  ledges 
which  flake  off  under  the  action  of  the  weather.  These  strata  are  the 
same  as  those  exposed  on  the  hillside  near  the  old  Canton  Landing  and 
on  the  hill  north  of  Prairie  Bluff*.  Near  the  residence  of  Mr.  W.  S- 
Purifoy,  a  mile  or  so  from  Snow  Hill,  we  see  some  fifty  or  sixty  feet  of 
these  sands  and  shales  overlying  a  bed  of  phosphatic  greensand  three 
feet  or  more  in  thickness.    The  section  here  exposed  is  the  following : 

(k)  Section  near  W,  S,  Purifoy^ 8,  near  Snow  Hill. 

1.  YoUowisb,  micaceous  sauds,  in  beds  four  or  five  feet  thick,  separated  by  ledges  of 
sandier  uiaterial,  which  flakes  off  in  weathering 50  to  60  feet. 

S.  Phosphatic  greensand,  holding  concretions  of  white  carbonate  of  lime  and  a  good 

deal  of  soft,  white  lime 4  feet. 

This  greensand  contains  from  1.5  to  2  per  cent  of  phosphoric  acid.  It  lies 
very  farorably  at  the  foot  of  the  hill,  and  at  the  level  of  the  cultivated  fields,  and 
can  be  dng  and  spread  upon  the  land  with  very  little  trouble  or  expense. 

3.  Hard,  reddish  or  yellowish,  phosphatic  limestone,  formiug  very  irregular,  con- 

cretionary masses 1  foot. 

4.  Tellowish,  calcareous  clays  containing  great  numbers  of  large  Exogyra  costataj 

Gryphxa  mutabiliSf  &c 20  feet. 

5.  Impure,  argillaceous  limestone,  containing  numbers  of  the  shells  above  named, 

10  to  15  feet. 

This  greensand  has  been  tested  practically  by  Mr.  Purifoy,  and  with 
the  most  flattering  resnlts. 

On  Col.  N.  H.  E.  Dawson's  place,  adjoining  Mr.  Purifoy's  on  the  north, 
the  same  beds  are  to  be  seen,  together  with  some  still  lower.  Below  the 
greensand  bed  there  are  some  sixty  to  seventy  feet  of  calcareous,  sandy 

Bull.  43 6  (233) 


82  TERTIARY    AND    CKETACE0U8    STRATA    OF    ALABAMA.      (Btu-H 

beds  with  bard  k-dgos,  aud  Dcar  tbo  base  of  tbo  seriea  an  impure  lims- 
stoue  weatberiiig  into  calcareous  clays,  in  which  are  embedded  great 
unmhers  oi  Exogyra  costatit,  Grgphwa  inutabtlU,  and  pbospbatized  shell 
cast^,  prominent  among  which  are  Nautilus  Dekayi,  and  ScaphiUs  Con. 
radi.  This  shell  deposit  lies  about  six  feet  above  a  bed  of  hard,  sUicioiu, 
phosphatic  limostone  or  calcareous  saodstoue,  which  is  the  lowest  of 
the  strata  hero  exposed. 
CarliiWtillc. — At  Carlowville  there  is  substantially  the  same  seotiao- 

(0  SfcUoit  at  Cartoieritlf,  Dallas  Covntg. 

I,  A  bed  of  pliosphntto  gieooiiniid  holding  much  limp,  ia  amaU  concietiona  uid  io 
00 ft  In mpg  casil;  cnished  between  tlie  fingers 4  feet  or  more. 

S.  A  clayey,  glaaeouitic  liine-Btono,  n  hich  huB  been  qDarrieil  for  tbe  purpose  of  baiM* 
ing  oul verts  ou  Ihoruilroul 3  fort. 

3.  Yellowiiib,  calonreoiiB,  Baorly  abulca  nith  bard  saudy  ledgea.     Tbo  color  of  this  lu^ 

tetial,  where  wet  and  not  exposed  to  the  weather,  is  dark  blue  like  that  at  BrtdK** 

port :■.■'. GOC-rt. 

In  the  lower  part  of  this  tbne  is  an  impure,  arKillaeoons  IJtneBt^ne  which  holds 
a  great  niimberof  the  two  sheila  aboro  named,  together  with  uust-s  (phosptiKtuiil) 
of  others. 

4.  Hani,  coarsegrained,  siliciona  liincatono  or  calcareous  saiiilatuue ...2  feeL 

Richmond. — A  few  miles  southwest  of  Bichmoud,  on  the  land  of  Dr.  J. 

P.  Key ser,  wo  got  a  more  eomplete  section  embraoiag  beds  which  over- 
lie the  preceding,  viz : 

(m)  Seclioit  3  milei  loiitliwetl  of  Rkhmonil,  Dellae  CoHxIy, 

1.  Sfuidf  shales,  hardening  into  a  shaly  sandstone,  forming  a  couspicuona  lodge  along 

the  hillsides.    This  is  uudcrlalil  by  about  30  foet  of  calciireuuH  s.-iiidy  clays,  simi- 
lar to  those  near  old  Canton  Landing -20  fed. 

2.  Calcareous,  sandy  ledge  Hoinewhat  like  the  preceding,  !iii t  perhaps  more  cak-arcooe- 

This  also  overlies  a  series  of  calcareous  sbale.^,  35  feet  or  more 40  feet. 

3.  Bodof  phosphatic  greenaaud,  with  liiiupa  of  soft  while  liiurslouoaud  concretioust>f 

lime 4f«:t. 

4.  Impure,  clayey,  glauconitic  linicatono,  making  a  shelf  or  ledgs  arouud  the  hill- 

sides  •- 3  to  5  fe«t- 

fi.  Calcareous  shales  intcratratiGcd  with  beds  of  sandier  material  which  form  project- 
ing ledges.  These  beds  correspond  in  ajipearance  to  tho.w  forming  the  hill  back 
of  old  Canton  Landiug,  and  wherelcssexposcdtu  the  weather  they  still  retain  the 
dark  bine  color  which  ia  chanictcristic  of  them  .it  Bridgr[iort.  They  hold  the 
usual  fossils  in  their  lower  strata,  and  in  weathering  give  rise  to  the  forniatioa 

of  a  calcartioug,  cUyoy  soil CO  to  70  feel. 

e.  Hani,  ailioioua  limMtane,  eoaise  grained  and  phosphatic,  appearing  near  the  water 

levolatlMMiielltfUIQB 3  feet. 

D  bare  nOL  '^C^ven  those  localities  tbo  close  examination  which 
ilansblo  na  to  e^y  with  certainty  what  their  eqiiivaleDts  are;  yet, 
D  the  position  of  the  fossil! feroiis,  impure  limestone  containing  £[n>- 

" "i7is,  and  the  phosphatic  shell  casts  above 

t  fiecms^^^^^^ble  that  this  greensand  lies  some  SO  feet  or 

sof  old  Canton  Landing  and  of  Prairie 

f  the  phosphatic,  silicions  rock  at 
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the  base  of  the  preceding  sections,  we  have  seen  at  other  localities  a 
yellow  sand  which  is  traversed  by  bands  of  silicions  sandstone  precisely 
as  is  the  case  at  Prairie  Bluff,  so  that  we  have  very  little  doubt  of  the 
equivalence,  although,  it  is  not  certainly  made  out.^ 

These  Upper  Cretaceous  rocks  belonging  to  the  Bipley  formation  have 
recently  acquired  a  new  interest  from  the  circumstance  that  th^y  are 
throughout  the  State  very  generally  i^mpregnated  with  phosphoric 
acid,  often  to  such  a  degree  as  to  render  them  available  as  materials 
for  the  manufacture  of  fertilizers.  Thus  the  rock  at  Moscow  and  west- 
ward to  Coatopa  and  Livingston  and  thence  traced  to  Shuqualak,  Miss., 
by  Mr.  Johnson,  has  been  found  to  be  phosphatic,  and  the  same  is  true 
of  the  hard  ledges  of  limestone  rock  occurring  in  the  Canton  bend,  and 
thence  eastward  to  Minter,  and  on  to  Fort  Deposit,  and  thence  to  Chun- 
nenugga  Eidge  and  Union  Springs.  The  occurrence  and  the  characters 
of  these  phosphatic  rocks  will  be  more  fully  described  at  another  place. 

§2.  THE  BOTTEN  LIMESTONE. 

The  next  subdivision  of  the  Cretaceous  group,  viz,  the  Rotten  Lime- 
stone, extends  for  many  miles  along  both  the  rivers,  and,  assuming 
a  uniform  dip  of  25  to  30  feet  to  the  mile,  its  thickness  cannot  be  much 
less  than  930  to  1,200  feet.  The  rock  is  of  comparatively  uniform  com- 
position, being  a  gray  to  bluish  colored,  argillaceous  limestone,  trav- 
ersed at  intervals  by  beds  of  purer  limestone  which  is  at  the  same  time 
usually  a  little  harder  in  texture.  In  some  places  the  material  is  a 
dark  bluish  clay  marl,  in  appearance  not  altogether  unlike  some  of  the 
blue  or  black  clays  at  the  base  of  the  Tertiary  group.  The  fossils  of 
the  Botten  Limestone  are  principally  Exogyra,  Gryphsca,  and  Ostrea, 
but  in  the  upper  and  lower  parts  other  forms  become  more  abundant, 
forming  transitions  to  the  overlying  and  underlying  subdivisions. 
I  The  best  general  view  of  the  strata  of  the  Botten  Limestone  is  af- 
forded by  the  record  of  a  boring  for  an  artesian  well  at  Livingston, 
Bamter  County.  The  town  is  situated  on  the  line  of  junction  of  the 
Botten  Limestone  and  Bipley  formations,  and  the  boring,  therefore, 
puaeB  through  the  whole  of  the  former  into  the  underlying  E  utaw  green- 
Bands.  The  boring  was  made  from  December,  1854,  to  March,  1857,  and 
the  leoord  was  carefully  kept  by  Dr.  B.  D.  Webb.  The  thickness  of 
Botten  Limestone  proper  penetrated  by  this  boring  is  030  feet,  the  un- 
detljing  sands  and  greensands  belonging  probably,  for  the  most  part, 
to  the  next  division.  The  uppermost  20  feet  are  certainly  in  part  drift 
and  probably  in  part  Bipley  formation,  though  there  are  no  fossils  to 
deeide  the  matter  definitely. 

>Alb6d  of  phosplubtio  greeusand  was  discovered  in  1886  by  Mr.  Langdon  and  myself 
St  Fndcle  Bluff  Jott  overlying  the  limestone  strata.    Whether  this  is  the  same  as  the 
dflfloribed  or  a  different  one,  we  are  not  yet  prepared  to  say. — £.  A.  S. 
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.Stcdono/lhellollen  Limf alone  at  Urini/itan,  SaiiUer  Coalilff.     (See  Plate  XSI,  Coh 
,..  m.) 


A 


Bandy  Iobib,  1  foot ..,, 

Coarse,  ilty  Bitnd,  atratifleil,  li  feet.. ,. 

Wliite.iiiiclLSftnd{liiiiltoLo  ourlied),  7  foet 

Soft,  rntlOD,  blue  liuiesbiue,  tbickly  set  witb  abclla  and  coulaining  iron 

]iyrit«H,  leo&ot 

White  limeBtone,  harder  tliau  tbeprcDodiiig,  witU  vcrjfiim  if  any  sheila 

or  pyrites,  TiO  feet 

Hard,  blue  lirncAlone,  aohard  thattheaugeruntait  with  diffl on Ity,  clear 

of  bhella  and  pyrites,  7  fe«t 

Bluisli  wbitellnestoDo,  not  ho  hard  as  the  preceding,  clsarof  shelldaud 

pyrltea,  08  feet 

Very  ha^,  white  limeiiUine,  55  feet 

At  330  feet,  jioased  tliroiigh  a  stratQin  of  oyster  sheila  from  nhioh  a  speci- 
men Tory  much  roseiuljling  nn  egg  was  brought  up. 
Light  bine  limesbine,  not  so  hard  as  No.  8,  but  harder  than  No.  4,  47  feet. 
Bluish  bron-u  rook,  bllod  with  small  sheila.     In  this  there  was  moreeand 

than  in  the  bine  or  vrhito  varieties  of  rock,  &8f«et 

Hard,  white  rook,  llTifeel 

Soft,  reddish  brown  roak,  Sfeet 

Soft  rook  ofdeop  bine  color,  20  feet 

Brownish  blue  rock,  moderately  soft,  76  feet 

Hard,  gritty,  bluish  colored  rook,  so  Iiiivd  that  it  hud  to  bii  drilled,  C  or  6 

Dark  bin  Lull  colored  rock,  easily  out  by  angor.  10  fuct 

Soft,  M'liitisb  lijiu'stuiie,  will)  occasiutJiU  Hiigbt  change  in  bardnosa  and 

eiilor,  asO  feet , 

Hurd  Handslfluo,  C  feet 

Sand,  ill  wliieU,  nl  tWlfect,  a  sni all  stream  of  water  was  reached,  which 

run  fuobly  from  Ihotopoftho  wtdl,  10  feet 

Siiiiilrock,  1  foot.... 

Coaraogrcwisand,  in  wbiLhalargcratroaiiiofwali-r  was  reached  at  l,00o 

feet  depth,  38  feet 

riiiit  r.ick{irysliillii!.>ni.l  fuot. 

Vury  line  green  sand,  Ufeet _._ 

In  this  greonaand  the  well  was  stnpi.ed  u1  a  depth  i>f  1,062  feel. 


l.(H).'> 


In  tlic  followiri';  notes  are  Riven  the  cliaraeters  of  the  Kottcn  Liiiie- 
Rione  as  shown  in  a  few  pi'oniineiit  bliifls  alonjr  the  river.'*,  without  any  at- 
tempt to  li.\  absolntely  their  position  in  tlie  vertical  seale  of  tlie  boring. 

The  grciit  degree  ol'  uniformity  in  tlie  litiiologieal  ciiaracters  and  fo.'*- 
sil  contents  of  the  different  parts  of  the  Kotten  Limestone  makes  it  im- 
possible as  yet  to  give  the  precise  phico  in  the  vertical  section  of  its  ex-" 
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posures  described  below,  with  the  exceptiou  of  those  which  inclade  the 
phosphatic  greensands  immediately  below  the  limestoae  proper.  We 
have,  therefore,  not  attempted  to  represent  the  main  body  of  the  lime- 
stone except  in  the  single  plate  illastrating  the  boring  at  Livingston  ; 
bat  in  Plate  XX  we  have  given  several  figures  illastrating  the  contact 
of  the  Botten  Limestone  with  the  underlying,  sandy  beds. 

EXPOSURES  OF   ROTTEN  LIMESTONE. 

Aboat  eight  or  nine  miles  above  Moscow  landing  there  is  at  Barton's 
Blnff  an  exposure  of  about  sixty  feet,  consisting  of  dark  bluish,  clayey 
limestone,  or  perhaps  better  described  a  blue  marl,  with  several  harder 
ledges  projecting  from  the  fac^  of  the  blufif.  These  ledges  hold  a  good 
many  fossils,  the  principal  forms  being  Ostrea  falcata  in  the  upper  ledges 
and  large  Gryphsea  and  Exogyra  in  the  lower  ones.  These  dark,  clayey, 
limestone  bluffs  continue  up  the  river  to  within  nine  miles  of  Demopolis. 
They  are  probably  represented  by  No.  4  of  the  boring. 

On  the  Alabama  a  similar  material  makes  the  bluff  at  Lexington 
Landing,  and  it  holds  also  a  large  number  of  shells,  especially  those  of 
Exogyra  and  other  oysters. 

At  Demopolis  the  bluff  is  made  of  a  very  compact,  light  blue  or  gray 
limestone,  which  does  not  seem  to  be  very  highly  fossiliferons.  A  sim- 
ilar limestone  makes  the  bluffs  for  several  miles  down  the  river,  nearly 
to  Barton's  Bluff,  where,  as  already  stated,  it  is  more  argillaceous  and 
darker  in  color. 

On  the  Alabama  the  counterpart  of  the  Demopolis  Bluff  may  be  seen 
at  Elm  Bluff  and  at  White  Blufif. 

The  same  rocks  may  also  be  seen  on  the  Upper  Tombigbee  Biver 
(above  the  mouth  of  the  Tuscaloosa)  at  Jones's  Blufif,  where  the  railroad 
bridge  crosses  the  river. 

Underlying  the  Demopolis  limestone  there  is  a  stratum  of  undeter- 
mined thickne^  of  a  tolerably  pure  limestone  of  light  yellow  color,  filled 
with  concretionary  lumps,  cylinders,  &c.,  of  clay.  When  this  clay 
washes  out  it  leaves  the  limestone  perforated  in  every  direction,  which 
circumstance  is  referred  to  in  the  name  '^  bored  rock."  Below  Areola 
this  bored  rock  is  quite  thick,  and  has  bedding  planes  two  or  three  feet 
apart,  which  cause  the  rock  to  break  up  into  large  cubical  blocks. 

At  Areola  and  at  Hatch's  Blufif,  on  the  Tuscaloosa,  the  bored  rock  is 
near  the  top  of  the  blufif,  and  underlying  it  is  softer  and  crumbling  Botten 
Limestone  of  the  usual  character.  The  bored  rock  has  sometimes  been 
burned  for  lime,  and  its  outcrop  may  be  followed  westward  as  far  at 
least  as  Sherman,  in  Sumter  Gounty.  It  forms  a  rocky  ridge  wherever 
it  comes  to  the  surface. 

The  limestone  underlying  the  bored  rock  for  many  feet  is  tolerably 
uniform  in  composition  and  resembles  that  of  the  Demopolis  Blufif,  ex- 
cept that  it  is,  if  anything,  rather  more  argillaceous  and  less  compact, 
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being  rather  a  white,  calcareous  clay  than  a  limestone.  There  is  noth- 
'  log  of  intert'st  to  record  at  auy  of  the  bluff;!  of  the  river  from  Hatch's 
Bluff  tip  to  Wolf's  Bluff,  just  alKJTO  Cowan's  Laiiding. 

Here  come  iu  the  strata,  still  better  exposeil  Iiiglier  up  at  Erie  and  at 
Choctaw  Bluff,  which  form  the  transition  between  the  Kotten  Limestone 
and  the  sands  of  the  Butaw  formation,  and  which  probably  repres<*Dt 
the  Tombigbee  Band  gronp  of  Dr.  B.  W.  Hilgard,  if  this  group  has  its 
counterpart  on  the  Tnscalooaa  River. 

Characterintic  fossils  of  this  horizon  appear  to  be  certain  reptilian 
bones,  Mo!*asanras,  the  curious  Hippurites,  teeth  of  sharks,  and  large 
palatal  teeth  (Ptychodus  Morioni  and  others). 

The  lowermost  strata  of  the  Rotten  Limestone  {oalcareons  clays)  also 
contain  many  of  these  fossils,  and  in  addition  to  those  mentioned,  shells 
of  Inoeeramua  in  groat  numbers  and  of  great  size.  These  shells  arc  of 
flbmns  testnre,  the  thickness  of  the  shell  (half  an  inch  or  less)  forming 
the  length  of  the  fibres.  In  consequence  of  this  strncture  the  shells  are 
very  fragile  and  it  is  impossible  to  take  them  out  unbroken  except  by 
removing  a  block  of  the  matrix  rock  with  them. 

In  no  localities  have  I  seen  them  in  greater  numbers  and  of  larger 
size  than  in  the  long  bluff  at  PairQeld,  on  the  Tombigbee  River,  in  the 
sunlhern  part  of  Pickens  County,  and  in  the  fields  back  of  House  BliiQ^ 
on  the  Alabama  River,  in  Autauga  County.  In  the  former  place  they  are 
perfectly  preserved,  and  many  of  them  are  more  than  a  foot  iu  diameter. 

Near  Iloiise  Bluff  tiicy  are  hclmi  in  tlie  old  tit-Ids,  assod.iUMl  with 
Leiodon  bones,  sharks'  teeth,  and  phosphatic  greeusands.  In  the 
weathering  of  rock  they  break  into  fragments  which,  though  slightly 
separiitcd,  retain  tlieir  relative  position  and  preserve  the  outline  of  the 
shell.  Ill  many  casi'S  these  fragments  cover  a  sp-ice  three  feet  in  di- 
ameter, iniliciitiiig  the  sine  of  tJie  shell  as  at  least  two  feet  in  diameter. 

Tliese  would  probably  form  the  first  of  the  transition  beds  above 
mentioned. 

On  the  Alabama  River  these  beds  make  tlieir  appearance  above  the 
latitude  of  Sebna  at  Cunningham's  and  Qouse  Bluffs,  Inasmuch  as 
their  paleontologic  relations  have  not  yet  been  determined  and  as  they 
are  more  closely  related  in  lithologic  character  to  the  Eutaw,  we  have 
thought  it  best  to  combine  them  witli  the  latter  formation  in  our  de- 
scriptiiiii.  The  first  five  sections  in  the  nest  division  exhibit  the  Rotten 
Liniostoiii-  ill  connection  with  the  ue.xt  underlying  beds. 

§  y.    THE   EUTAW   FORMATION. 

As  noted  above,  the  sandy,  foasiliferous  strata  lying  beneath  the  ar- 
gilhii'eoiis  and  calcareous  rocks  whose  lithologic  character  is  so  well 
defined  liy  the  name  of  Kotten  Limestone  are  referred  by  us  to  the  Eutaw 
formation.  In  strikingcoutrast  with  the  Rotten  Limestone,  this  series 
of  deposits  consists  of  sands  and  clays  with  little  or  no  calcareous  , 
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matter  except  in  tbe  apx>erinost  25  or  30  feet  spoken  of  above  as  form- 
ing a  transition  between  the  Botten  Limestone  proper  and  tbe  sands 
of  the  andonbted  Entaw. 

This  npper  member  of  the  Entaw  formation  consists  at  the  snmmit 
of  a  bed  5  feet  in  thickness  of  indurated,  calcareoas  sands,  with  numer- 
ous fossils  and  irregularly  shaped  nodules  of  nearly  pure  phosphate  of 
lime,  together  with  many  highly  phosphatized  shell  casts,  and  in  addi- 
tion the  sand  itself  is  very  generally  phosphatic.  Below  this  bed  there 
are  15  feet  of  sand  with  comparatively  few  fossils,  except  in  a  thin  layer 
of  compacted  shells  at  the  base  and  in  two  or  three  similar  shell  layers 
dividing  the  sand  at  different  horizons.  These  shell  beds  are  also  usu- 
ally phosphatic  Beneath  the  lowest  comes  a  bed  ot  greensand  6  to  8 
feet  in  thickness,  which  is  distinguished  by  its  high  percentage  (5  per 
cent  and  above)  of  phosphoric  acid.  These  phosphatic  and  calcareous 
beds  have  been  less  closely  examined  on  the  Alabama  Biver  than  on  the 
Tombigbee,  where  they  appear  to  be  somewhat  thicker. 

The  bulk  of  the  lower  and  principal  member  of  the  Eutaw  formation 
consists  of  cross  bedded  sands,  with  subordinate  beds  of  pebbles  and  of 
thinly  laminated  clays  with  sandy  partings  in  many  alternations.  The 
exact  sequence  of  these  beds  is  known  only  for  about  80  or  90  feet  below 
the  phosphatic  strata  above  mentioned.  (See  profile  at  the  House 
Bluflf,  Alabama  River,  PL  XX,  Fig.  5,  p.  175.) 

The  most  striking  peculiarities  of  the  various  beds  of  the  lower  mem- 
ber of  the  Eutaw  formation  are  found  in  the  abrupt  changes  which  they 
undergo  in  both  the  vertical  and  horizontal  directions.  The  dark  gray, 
laminated  clays  with  sandy  partings  seen  at  Finch's  Ferry,  Tuscaloosa 
Biver,  may  also  be  seen  farther  up  the  river  at  Semple's  Bluff  and  at 
Brown's  Bluff,  and  with  nearly  the  same  characters  in  all  three  locali- 
ties. With  this  exception,  however,  I  know  of  none  of  the  Eutaw  beds 
which  preserve  their  characters  with  anything  like  uniformity  for  more 
than  a  few  rods.  Laminated  clays  pass  into  cross  bedded  sands  or 
rather  are  replaced  by  them;  cross  bedded  sands  thin  out  abruptly,  as 
if  forming  lenticular  masses;  the  pebble  beds  thicken  up  and  thin  down 
rapidly  within  a  few  yards'  distance;  and  indeed  it  is  impossible  to  follow 
any  of  the  beds  with  certainty  from  one  end  of  a  long  bluff  to  the  other, 
and  it  would  be  well  nigh  impossible  to  get  two  vertical  sections  of  a 
bluff,  100  yards  apart,  which  would  exhibit  the  same  sequence  of  mate- 
rials. Two  examples  will  illustrate  my  meaning.  At  Stave  Bluff,  Tus- 
caloosa Biver,  half  a  mile  long,  we  see  at  the  upper  end  and  near  the 
center  of  the  bluff  a  preponderance  of  laminated  clays  with  thin  inter- 
vening sheets  of  cross  bedded  sands,  but  at  the  lower  end  of  the  bluff 
the  clays  disappear  or  cease,  not,  however,  by  dipping  below  the  water 
tevel,  but  abruptly,  and  they  are  replaced  by  thick  beds  of  yellow  sand 
which  neither  overlie  nor  underlie  the  clays,  but  are  substituted  for  them 
on  fhe  same  horizon.  Again,  at  Merriwether's  Landing,  farther  up  the 
river,  where  the  bluff  is  perhaps  half  a  mile  long,  at  the  landing  (5y^\k^x 
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end  of  tlio  Iilull')  we  tiiid  the  bluff  made  up  of  lauiiuate*]  claya  witU  sand 
partiugs,  the  suud  partiiigsbecoiiiiagtbicker  and  tbicker  as  we  descend, 
and  iissumiiig  within  10  feet  of  the  water  the  character  of  cross  bedded 
'  Bauds  with  thin  cTay  sheets  following  some  of  the  liue.s  of  false  bedding. 
One  hundred  yarda  or  less  below  the  lauding  the  whole  bluff  appears  lo 
be  cross  bedded  sands  with  clay  scams,  iuehiding,  about  twenty  feet 
above  the  water,  a  10  foot  bed  of  sand.  Tbese  change  again,  not 
because  of  the  dipping  of  the  strata  below  the  river  level,  but  because 
of  the  replacement  at  the  same  horizon  of  one  set  of  bods  by  another. 

The  great  mass  of  the  Eiitaw  formation  seems  to  have  been  deposited 
jn  shallow  water  by  ever  varying  currents. 

The  absence  of  all  fossils  except  an  occasional  lignitized  tree  trunk  iiud 
tbe  lack  of  any  persistent  or  easily  identified  beds  of  any  kind  make  it 
iiupossible  for  iia  here  to  sum  up  the  thickness  as  we  have  done  iu  the 
'Tertiary  group,  and  ne  are  therefore  compelled  to  rely  either  upon 
'  vidth  of  outcrop  across  the  country  of  the  beds  of  this  formation  or 
upon  the  borings  for  artesian  wells.  The  thickness  of  the  beds  of  this 
formation,  estimated  from  their  outcrop  along  tbe  banks  of  the  Tusca- 
loosa Biverfrom  Finch's  Perry  to  Big  I^og  Shoals,  on  an  assumed  nniform 
dtp  of  40  feet  to  the  mile,  is  about  200  feet;  but  this  estimate  is  probably 
too  Buiall.  Between  Big  Log  Shoals  and  White's  Bluff  no  Cretaceous 
I  locks  are  exposed  on  the  river,  but  they  may  be  seen  upon  tbe  neigh- 
I  twriug  hills,  and  recent  observations  of  Mr.  Langdon  and  myself  in- 
dicato  that  this  stretch  of  tlie  river  is  almost  entirely  underlaid  by 
the  beds  of  the  Eutaw  formation ;  and  if  this  is  so  their  total  thick- 
ness can  hardly  be  less  than  300  feet.  This  estiuialc  is  confirmed  by 
the  width  of  the  outcrop  of  the  Entaw  beds  upon  the  hills  on  both  sides 
of  the  Tuscaloosa  Kiver.  On  the  eastern  side,  in  Uale  County,  they  are 
found  from  three  miles  south  of  Havana  down  to  Grecnsborouf^h,  and  ou 
the  western  side,  iu  Green  County,  from  just  south  of  Kuoxville  down  to 
En  taw,  or  in  each  case  about  10  miles  in  a  direct  lino  across  the  strike. 
This  with  a  uniform  dip  of  30  foet  to  the  mile  would  correspond  to  a  thick- 
ness of  300  feet,  and  with  a  dip  of -10  feet  per  mite  to  400  feet;  300  fwt 
may  therefore  be  given  as  the  niiuinuiiii  tliickness  of  these  beds  along  the 
Tnscaloosa.  A  boring  now  in  progress  at  Eutaw  reached  the  purple 
clays  of  tlie  Tuscaloosa  formation  at  a  deplh  of  400  feet ;  which  indi- 
cates a  thickness  for  tlie  formalion  nearly  tbe  same  as  that  estimated 
from  the  width  of  outcrop  and  dip.  Tbe  corresponding  portion  of  tlie 
course  of  tlie  Alabama  River — i.  e.,  between  Selmaand  Montgomery  — 
is  such  that  the  lowermost  members  of  this  formation  arc  not  there 
es  posed. 

SECTioss  OF  TiiR  ei:taw  formation. 

The  following  sections  illustrate  fairly  well  the  lithologic  and  other* 
peculiarities  of  the  Eutaw  formation,  iueluding  the  transitional  beds, 
which  may  hereafter,  upon  paloontologic  grounds,  be  classed  with  the 
Itottcn  Limestone. 
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(a)  Section  of  the  bhiffat  Erie,  Tuscaloosa  Biver,    {Plate  XX,  Fig,  I,  p.  175.) 

1.  Rotten  Limestone  of  usnal  cbaractor 30  feet. 

2.  Indurated  ledf^e  of  calcareous  sand,  containing  grains  of  glaucouite,  strongly  phos- 

phatio  and  in  part  filled  with  oyster  shells  5  to  8  feet. 

3.  Yellowish  sands  containing  shells  in  the  upper  part,  and  thus  forming  a  continua- 

tion of  the  preceding 8  feet. 

4.  Projecting  hard  ledge  filled  with  small  bivalve  shells,  chiefly  oysters,  8  to  12  inches. 

5.  Yellowish  sands,  with  some  glauconite,  becoming  more  and  more  glanconitic  as  we 

descend : 5  to  6  feet. 

The  lower  part  of  this  stratum,  say  one  or  two  feet,  is  indurated,  shells  become 
more  abundant,  and  there  is  thus  a  gradual  transition  into  the  next  underlying 
bed.  In  these  sands,  which  are  hollowed  out  from  beneath  the  preceding  ledge, 
there  are  embedded  some  curious  stalagmitic  formations,  of  indurated  calcareous 
sand,  which  stand  up  like  small  pillars.  These  are  strongly  phosphatic,  and  have 
much  the  appearance  and  composition  of  the  ledge  No.  4. 

6.  Indurated  ledge  of  sand,  greensand,  and  shells,  mostly  oysters,  like  that  at  Choc- 

taw Bluff  Ifoot. 

7.  Greensand,  cross  bedded 3  to  4  feet. 

8.  Laminated,  blue  clay,  in  several  distinct  layers,  which  project  from  the  vertical 

faces  formed  by  the  greensand  above  and  below  it 2  feet. 

9.  Greensand  like  No.  7,  but  with  more  glauconite  to  water's  edge ;  contains  much 

phosphoric  acid 1  foot. 

Jast  above  Erie  there  is  a  great  south  westward  bend  in  tba  river,  by 
reason  of  which  only  the  Rotten  Limestone  appears  in  the  river  banks, 
the  greensands  being  all  below  the  water  level.  This  condition  of 
things  continacs  up  to  McAlpine's  Ferry,  where  we  have  the  following: 

(6)  Section  near  McAlpine's  Ferry,  Tuscaloosa  Uiver.    (Plate  XX,  Fig.  2,  p,  175.) 

1.  Rotten  Limestone  of  variable  thickness,  with  a  covering  of  drift  above  it. 

2.  Calcareous  sands,  indurated  and  glanconitic,  partly   tilled  with  sliells,  mostly 

oysters 6  to  8  feet. 

3.  Sands 8  to  10  feet. 

4.  Greensand  to  water's  edge 6  feet  or  more. 

From  Eastport,  just  above  McAlpine's  Ferry,  up  to  Melton's  Bluflf 
the  course  of  the  river  is  nearly  along  the  strike  of  the  strata,  and  we 
have  practically  the  same  beds  as  those  above  described  at  Erie  along 
this  stretch  of  the  river.  The  undulations  which  are  usually  observed 
along  the  outcropping  edges  of  our  Tertiary  and  Cretaceous  strata  may 
be  seen  here  also. 

(o)  Section  at  Mellon^s  Bluff  and  Eastport^  Tuscaloosa  River. 

1.  Cross  bedded  sands,  grading  off  below  into  greensand 10  feet. 

2.  Greensand,  forming  a  bench  or  ledge  6  to  8  feet  broad  and  3  feet  thick  down  to  the 

water's  edge. 

Between  Melton's  Bluff  and  Choctaw  Bluff  another  great  southwest- 
ward  bend  in  the  river  causes  the  greensands  to  disappear  below  the 
yrsttev  level,  to  reappear  near  the  last  named  bluff,  where  we  get  the 
following  very  interesting  section,  which,  however,  embraces  practically 
the  same  beds  with  the  Erie  bluff,  tlie  two  places  being  situated  from 
each  other  in  the  direction  of  tlfe  strike  of  the  strata. 
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(d)  Section  al  Chactaw  Bttg,  GneHe  County,  Tuiiealoo»a  Bitter.     ( Plate  XX,  Fij. :),  p.  ITri.} 

'  1,  Botten  LiiucaCoDo  of  the  asaal  nppearoBce,  with  a  cover  of  drift  or  aecouil  bottom 
'  dejioslta.    Tliu  rock  coutntns  soiua  fusails,  laoceraml,  and  boneH  of  rvptiles, 

I  ■  2(1  fw^t  or  more. 

[  S.  IiidDral«i1,  calcareous  naodii,  wjtli  aomo  glaucouite,  filled  with  ahella,  moat)y  £r- 
ogyra,  fonuing  a  projecting  lodge,   which  la  a  very  jirouiinent  aod  persiatcDt 

mark  along  tUc  fiice  of  the  bluff' lito7  feeU 

,  S.  Yellowiab.croBs  bedilodaauda,  abodiagoffaljOTeiDto  thufowilifeTOOsledge.    These 

I  sands  become  more  and  more  giaaconitic  and  devoid  of  foeaila  belon 16  feet. 

I  4.  ludorated  ledge  of  glancoaitio  saoda  and  amall  oy8t«rB,  allghtly  efferveecent,  pboa- 

pbatic 1  foot, 

&■  Higtil;  glnncooitlc  annda,  stroogly  phoaphatlo.  Theae  aanda  ahow  above  tbe  water 
ut  the  uppei  end  of  the  bluft'  6  to  B  feet,  bnt  siok  below  the  water  at  the  lower 
eud,  makiug  a  dip  of  about  20  feet  to  the  mile  along  this  stretet  of  the  river. 

I      This  section  shows  well  tbe  point  of  coutact  of  the  Eotteu  LimeetoDe 

I  with  the  glaucoiiitic  beds  below  it  The  beds  immediately  uader  the 
Botten  Limestone  are  coar'^e,  calcareous  sands,  somewhat  indurated  atid 

'  filled  with  the  shells  of  Exogyra,  No.  2  above.  Both  the  Eotten  Lime- 
Atone  aud  the  ledge  are  filled  with  nodular  masses  of  iron  pyrites.  One 
mile  below  this,  at  Stevens's  Bliif!',  the  sands  are  all  below  the  W4(er, 
and  only  the  Botten  Limestone  above  it;  the  same  is  true  of  tbe  banks 
at  Hamlet's  Shoals.  These  beds,  as  above  intimated,  have  accjutred 
a  considerable  interest  from  the  fact  that  most  of  tbeu  are  strongly 

I  impregnated  with  phosphoric  acid.  This  seems  to  be  particularly  the 
ease  with  the  glanconitic  sands,  especially  when  tliey  are  indurated;  and 
in  many  cases  the  induration  seems  to  bo  due  to  the  formation  of  phos- 
phates. Wherever  the  beds  immediately  underlying  tbe  Kotteii  Lime- 
stone have  been  examined,  from  the  Mississippi  line  eastward  to  We- 
tnmpka,  anil  even  farther  toward  the  Georgia  line,  they  have  been 
distinguished  by  containing  very  notable  quantities  of  phosphate  of 
lime,  either  impregnating  the  grcensands  in  a  general  way  or  concen- 
trated into  irregularly  shaped  nodules  of  nearly  i)ure  phosphate  of  lime. 
TbesCj  should  they  ever  be  found  in  sulhcient  quantity,  will  be  of  great 
value  as  an  article  of  export.  Tbe  phosphatic  grcensands,  without  the 
least  doubt,  can  be  very  prolitably  used  as  fertilizers  where  they  are  con- 
venient to  transportation.  This  subject,  however,  wiil  be  more  site- 
cially  treated  in  the  report  of  tbe  Geological  Survey  of  Alabama. 

At  Finch's  Ferry,  near  Kutaw,  on  the  Tuscaloosa  River,  there  is  a 
bluir  which  varies  from  50  to  75  feet  in  height,  in  which  strata  under- 
lying tbe  pbosphatic  sands  of  Choetaw  Blutf  arc  secu.  The  upper  'Jo  to 
40  feet  of  this  bhift' {according  to  locality)  consist  of  yellowish,  cross 
bedded  sands,  in  which  a  few  indistinct  fossils  have  been  found,  and 
below  this  some  25  feet  of  alternating  blue  clays  and  cross  bedded  sands; 
'TbiH  bed  lias  bcfii  c.ilkd  "Concreto  Saml''  by  Prof.  A.  Winchell,  aud  tbe  ni-it 
below  it,  ■'  Loose  Suiid"  (I'roceodinau  Am.  Ahsoc,  Adv.  8d..  Vul.  X,  Part II,  p.  99, 185*!). 
lie,  however,  limits  tbx  formiT  natue  to  tho  first  a  or  3  feet  below  the  Rotten  Lirne- 
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then,  forming  base  of  the  bluff,  about  20  feet  of  lafninated,  blue  clays, 
with  partings  of  sand.  No  fossils  have  yet  been  observed  in  these 
lower  beds. 

(e)  Section  at  Finoh*8  Ferry,  Tutcalooaa  River.    (Plate  XX,  Fig,  4,  p.  175.) 

1.  Tellowisb,  cross  bedded  sands,  with  indurated  bands  at  intervals.  This  sand  contains 

a  few  casts  of  shells,  mostly  oysters,  and  pieces  of  silicifled  wood.. 25  to  40  feet. 

2.  Laminated,  bine  clays,  with  partings  of  sand 10  feet. 

3.  Alternations  of  cross  bedded  sands  and  bine,  laminated  clays 5  feet. 

4.  Blnish,  glanconitio  sands 10  feet. 

5.  Laminated,  blue  clays,  the  laminte  separated  by  thin  sand  partings 20  feet. 

The  exact  position  of  this  section  with  reference  to  that  at  Choctaw 
Bluff  is  not  certainly  made  out,  but  it  is  quite  possible  that  some  of  the 
lowermost  of  the  Choctaw  Bluff  beds  may  appear  iu  the  highest  parts 
of  the  bluff  at  Finch's  Ferry.  At  all  events  the  two  sections  are  very 
nearly  conterminous. 

Un  the  Alabama  Biver  the  same  beds  are  seen  at  the  Batte  Smith 
.  Bluf^  Cunningham's  Bluff,  and  the  House  Bluff. 

At  the  last-named  locality  we  have  perhaps  the  best  section  of  the 
transition  beds  between  the  Rotten  Limestone  and  the  Eutaw  forma- 
tions to  be  seen  in  the  State. 

This  bluff,  gapped  by  ravines,  forms  the  northern  bank  of  the  river 
for  a  mile  or  more  at  the  top  of  one  of  those  long  bends  made  by  the 
Alabama  in  this  part  of  the  State.  Kear  the  lower  or  western  end  of 
the  bluff,  where  these  gaps  are  close  together,  the  sharp  crested,  inter- 
jacent ridges  come  out  to  the  face  of  the  bluff  in  cross  section  like  the 
gable  ends  of  a  house,  whence  the  name  of  the  bluff. 

The  uppermost  (i.  e.,  most  eastern)  of  these  bluffs  has  about  thirty 
feet  of  Botten  Limestone  on  top,  and  the  washings  from  this  have 
whitened  all  the  underlying  red  and  yellow  sands,  so  that  if  not  closely 
examined  the  white  bluff  would  easily  be  mistaken  for  limestone  through- 
out. The  next  bluff  below  separated  from  this  by  a  narrow  ravine  only, 
and  of  nearly  the  same  height,  consists  of  yellow,  cross  bedded  sands  to 
the  very  top.  The  absence  of  the  Sotten  Limestone  on  top  of  this  sec- 
ond bluff  and  its  presence  on  top  of  the  next  succeeding  or  third  bluff 
are  due  to  undulations  in  the  strata.  The  contrast  between  the  first 
two  bluffis  is  very  striking.  The  uppermost  bluff  is  probably  the  high- 
est of  the  set  and  is  about  one  hundred  and  fifty  feet  high,  and  the 
strata  exposed  in  it  are  the  following : 

(/)  Section  of  the  Houee  Bluff.    (  Plate  XX,  Fig.  5,  p.  175. ) 

1.  Rotten  Limestone 20  to  30  feet. 

2.  Qreensand,  with  phosphatic  nodules 4  feet. 

3.  Conglomerate  of  shells  embedded  in  loose  sand 1  foot. 

4.  Light  colored  sands,  with  irregular  deposits  of  shells  and  a  six  inch  layer  of 

shells  at  bottom 5  feet. 

5.  Sands  8  feet,  with  a  layer  of  shells  at  bottom,  1  foot,  in  all 9  feet.^ 

^Nbfl.  2  to  5,  inclusive,  constitute  the  *'  Concrete  Sand''  of  Dr.  Winch&lL. 
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e.  AltanialMKbadioriMtuontaUjUaiutorfaa4«n«wtoddelaMU  f^U^wi^m- 
oNutkJithsMrantetiedafroKltoXfBettkMilL  Theae  bad*  an  HMrfciadvilk 
■■«WoMatMMkBdM]iIyoolorad  villi  iron 4Qt»SHmL 

T.  T  — tf^.-J  ,l.y  (|-.j.^»T*).  ^-'"■'  "*•  c— Ji- lO&M. 

a  Blue,  tnicMcou  MAdi^  M  bBib _ ISfM. 

Sl  tight  ooLnrrd   nadd^   «1t&   Uise,  bovUer-Hke  eoncwUcDi  af  wwtcentrte  h)^ 

«W. -SBfc* 

'  UL  AltMBiUatM  of  tl>o  UmiAAted  claj-*  utid  blii«  tand*  sborc  d««ril>ed  doas  U 
Ite  iram  larrl. 
Tbt  gnat  irre^Uuity  in  the  stratification  of  Uie  sands  or  llii^  fonu- 
tion  is  well  exhibit^  in  tb«  Hocue  Blaff,  wbere  banllj-  any  two  soctions 
will  show  tlie  Bame  seqaenoe  of  beds.  The  following  «ectiaii  of  tltis 
bluff  was  taben  b;  me  in  tbe  sammer  of  18S6.  and  shows  the  stnittflca- 
tion  of  ibe  first  quarter  of  a  mile  of  tbe  blaff  rather  than  that  of  n  single 
localit}': 

iT)  S«tii*»  tf  tht  mfptr p^rt  of  m^te  BUf. 

L  Batten  LiDMloM,  Lndndiag  Mar  Uie  bM»  a  twd  or  irluxphattc  grtMuand  fowi  aid 
alialflMt  ill  IlilclineH 30  &M. 

2.  Ledge  «f(t)rBterBl>eIlaemli«dded  In  nndi^  bnaJni;  ■  hard  Icdgc i^  Inehw 

3.  WllltWl  «iilta ftloIOftrt. 

4.  Ladga  afabetb  Uk«  No.  3 aiollineln 

Gb  Tdltfwuli,  erosB  Iwdded  undx,  indurating  into  roaiMlnl.  bowldH-Uke  tBaaaa*  of 

oomeeoilric  ■trootnre-  On  the  ireAtliering  amI  eaviog  of  lb*  bInS,  Uieae  bowUen 
bicsk  oS  and  rail  down  to  tlw  water'a  edge  aod  coTcr  all  tl>e  dop«  beluw  llwB. 
Th*  twn  Iiard  ledgea  of  ahell  oonitloinerate  alao  break  off  is  a  dmilar  way.  uA 

thefr  fragmenta  also  cover  the  slop*  below - 50  to  60  fprt 

C.  yi-llowisb,  croaa  beddfd  Baudi  like  tlie  precoding,  csrept  ibat  they  are  traverwd 
by  clay  bands  and  partings  of  very  irrrgular  thick nens  and  extent 10  fwt. 


a.  H1.i.-.sandstolh'-  walcra  «-<I^'t- 5  ft*l. 

Tlic  rfSL-tDl)laiic«  betwet'ii  tUis  section  and  tbose  of  Choctaw  Bluff 
iiml  Fiiitir.s  Ferry,  Tuscaloosa  Kivcr,  is  sufficiently  at  mug  to  justify  us  in 
conijlatiiiy  tliciu  in  a  goiieral  way,  though  we  cannot,  of  course,  espect 
t<j  tiiid  absolute  idiMility  in  the  imlivklual  beds. 

The  two  ledge.s  of  shell  conglomerate  appear  in  the  hills  in  many 

liiaces  uistward  of  this  Idiift".     Between  tiie  two  Mulberry  creeks,  one 

and  a  half  iniles  west  of  Statesville,  (hey  are  nearly  at  thegenenil  level 

of  lhehii,'li  tablelands;  and  everywhere  about  seven  or  eight  feet  above 

the  iijipi-r  of  these  ledges,  appears  the  bed  of  idiosphatle  greeiisand,  so 

well  known  in  the  vicinity  of  Qambnrg,  in  Perry  County.     Tlie.sc  beds 

rise  tow;ird  the  north  and  appear  in  several  places  in  Autauga  County. 

high  np  ou  the  hills.     In  the  vicinity  of  the  old  Slatou  place  and  the 

old  Jim  lirown  jilace,  tlie  .shell  conglomerate  and  the  greeusands  are 

exposed  over  a  largi'  territory, 

J^toduffs  of  the  Alabama  River,  from  House  Bluff  up  to  Mont- 

^^  ^ow  liiore  or  less  of  the  House  ISIuff  beds,  according  to  the 

^  Jbf  the  river.     At  Washington  Ferry  the  banks  are  ma<le  of 
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the  laminated  gray  clays  with  interbedded  erands,  which  are  seen  near 
the  base  of  House  Bluff.  Aboat  two  handred  yards  above  the  Wash- 
ington Ferry  there  is  a  high  red  bluff  showing  the  following: 

(/^)  Section  of  bluff  near  JFashington  Ferry^  Autauga  County, 

1.  Drift  and  red  loam 10  to  15  feet 

2.  Cross  bedded,  yellow  sandsi  stained  deep  red  by  the  washings  from  No.  1..50  feet. 

3.  Laminated  clays  and  sands 50  feet. 

So.  2  above  corresponds  with  No.  5  of  my  House  Bluff  section,  while 
13  o.  3  corresponds  to  the  rest  of  the  House  Bluff. 

The  river  bluff,  just  below  the  steamboat  landing  at  Montgomery, 
shows  the  following : 

(/3)  Section  at  Montgomery, 

1.  Drift  (very  closely  resembling  what  we  have  called  second  bottom  deposits), 

15  to  20  feet. 

2.  Laminated,  gray  sands,  with  gray  clay  partings 3  feet. 

3.  Gray  clayey  sands,  with  white  and  gray  clay  partings 4  feet. 

4.  Rather  compact,  yellow  sands  with  small,  lens-shaped,  spherical,  and  other  irreg- 

ularly shaped  masses  of  pure,  gray  clay  scattered  through  the  mass  of  sands. 
These  form  the  greater  part  of  the  perpendicular  bluff  to  the  river  below  the  drift 
deposits,  and  extend  to  the  water'sedge 25  to  30  feet. 

Where  theBotten  Limestone  is  seen  at  the  summit  of  the  bluff,  as  at 
Choctaw  Bluff  and  at  House  Bluff,  the  geological  horizon  of  the  under- 
lying beds  of  the  section  is  at  once  determined.  The  uncertainty  is 
felt  only  in  regard  to  the  exact  relative  position  of  the  Finch's  Ferry 
beds  sfnd  those  where  the  Kotten  Limestone  is  absent. 

Between  Finch's  Ferry  and  Big  Log  Shoals,  a  distance  of  four  and  a 
quarter  miles  or  a  little  more,  across  the  strike,  which  corresponds  to  a 
thickness  of  about  one  hundred  and  fifty  feet  of  strata,  the  banks  of  the 
river  are  composed  of  laminated,  bluish  clays  and  cross  bedded,  glau- 
oonitic  sands,  in  many  alternations.  Interbedded  with  these,  at  two  or 
three  poiflts,  are  thin  beds  of  pebbles,  from  eight  to  twelve  inches  thick, 
and  thin  layers  of  lignitic  matter,  consisting  of  lignitized  stems,  twigs, 
and  other  fragments,  embedded  in  bluish  sands.  In  addition  to  these, 
lignitized  trunks  of  trees  are  not  infrequently  seen  at  many  of  the  ex- 
posures. Occasionally,  also,  a  silicified  trunk  is  to  be  found  lying  upon 
the  bluff,  but  whether  derived  from  the  Cretaceous  or  from  the  over- 
lying drift  dei>osits  is  still  a  matter  of  doubt. 

It  has  as  yet  been  impossible  to  ascertain  the  actual  sequence  of  these 
different  beds  for  the  whole  distance  mentioned  above,  but  the  follow- 
ing detailed  sections  will  probably  cover  nearly  their  entire  thickness. 

Immediately  below  the  laminated  clays  which  form  tlie  base  of  the 
exposure  at  Finch's  Ferry,  come  alternations  of  similar  laminated  clays, 
with  cross  bedded  sands  many  feet  in  thickness,  which  are  to  be  seen 
at  Semple's  Bluff,  just  above  the  railroad  bridge,  and  at  Collins's  wood 
yard,  where  about  ten  feet  of  thickness  are  to  be  seea 
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Chiidii's  Ferry. — At  Cliilds'a  Ferry  similar  strata  are  exposed,  the  bluft 

beiug  some  thirty  feet  high.     Tlio  lower  part  of  ttiis  esposure  coaMSlii, 

\  without  doubt,  of  tbe  same  beds  as  those  at  the  top  of  the  blalT  at  Mtt« 

I  riwether's  Landiiig,  giveu  below  :  ^M 

j  (g)  Section  at  McrrimethBr'i  Landing,  Tiucalooia  Kieer.  ^| 

,   L  Laoiinaied  clays  anil  sands ;  the  sandH  are  blniab  greon  ii 

pasod,  bat  become  yellowislion  weatboriag 

'  S.  Sandfi 7  to  8  fwt. 

3.  Laminated  samlH  and  claja  again  to  the  'gator's  edgo SO  feet  or  more. 

Hiich  of  tlie  bine  clay  In  tlio  lower  part  of  tbia  blnff  brooka  up  on   ilrjing 

into  small  cliipa,  wliicli  are  oovored  witU  wbite  eflloroeconcB  deriTod  from  lb* 

oxidation  of  iron  pyrites,  uoduleM  of  irbich  are  of  oomoion  oooarrence  in  tti« 

ulay.     Along  Ihc  blnff  are  to  be  syen  many  trank«  of  treca,  eitlier  lignitiswl  or 

BiHcidod. 

The  lowermost  five  or  ten  feet  of  the  beds  exposed  at  Merriwether'* 

are  seen  Rgaiu  at  the  top  of  the  bluff  at  Long  Bend,  where  the  following 

Becttou  is  exposed : 

(A)  Section  a  I  the  head  of  Long  Bend,  Tutaalaoia  Sirer. 

I  .1.  Cross  bedded  aands  forming  top  of  blnff .....litolO  fevt. 

'   ft,  Laminated,  blue  olays 3  to  3  ftet- 

13.  Bed  of  quartz  pebbles 2  toSlbeL 
'4.  Laminated,  bine  clays  agnin,  containing  galls  orooooretiona  of  pure,  ligbt  colored 
clay lto5  foet 

B.  Coarse  grained,  yBlIowiab  sands,  strongly  cross  bedded,  rnnning  down  to  the  water 
level .'i  feet  or  more. 

Hiclman^s. — At  Hickman's,  below  Big  Log  Shoals,  the  bluff  is  made 
up  of  laminated  clays  alternating  with  cros^  bt'dibid  sunds  in  the  most 
irregular  mauner.  The  thickness  of  these  beds  w.as  not  estimated,  but 
their  relative  position  is  as  follows : 

(i)  Section  at  Hit-kman'a,  TuKalooaa  Hirer. 

1.  Cross  bedded  sands  of  yclloivish  color  ou  c:cposcd  unrfacL's,  prohablj-  li)  feet  or 

uioro  in  thickness. 

2.  Laminated,  bine  clays,  more  or  Ies»  N.iridy  and  containing  lignitized  tree  truukH. 

which  are,  in  general,  pyritons.  Tlio  laniinikted,  blno  strata  in  the  npper  part  of 
this  division  are  much  more  clayoy  than  those  in  the  lowor  part,  and  mark  thi> 
blulT  with  pa^.^llcl  and  approximately  horiiioutal  siripinga,  probably  5  to  lU  feet. 

3.  Cross  beJded  sauds  a<;ain  down  to  the  water's  edge. 

At  the  heitd  of  liig  Log  Shoals  we  have  another  section  of  ton  or 
twelve  feet,  as  follows: 

(J)  Section  111  (At  htad  of  Ilig  Log  Slioah,  Taacaloosa  Hirer. 


1.  Compact,  blue,  micaceous  s.inds 3  to  4  ftct. 

2.  Laminated  sands 3  to  4  feet. 

•i.  Lij^nilic  stratum,  ciiusistrng  of  lignitized  twigs,  stems,  and  other  fragments,  em- 
bedded ill  bluish  sands 1  foot, 

4.  Alternating  layers  of  blue  clay  and  bluish,  micaceous  sands,  the  latter  inclndiug 

a  bed  of  pobblca  i  to  10  inches  in  tliicknoaa 4  to  5  feet 
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This  sectioa  represents  the  lowermost  of  the  blue  clays  and  cross 
bedded  sands,  which  we  have  considered  as  belonging  to  the  Entaw 
formation  of  the  Cretaceous  group,  leaving  undetermined  some  seventy- 
five  feet  from  this  to  White's  BlnSL  At  the  latter  begins  what  we  shall 
now  call  the  Tuscaloosa  formation. 

ni.  OTHER  MBSOZOIC   STRATA,  PROBABLY  CRETACEOUS. 

§  L  THE  TUSCALOOSA  FORMATION. 

Underlying  the  strata  last  described,  and  forming  all  the  conntry 
between  White's  Bluff  and  the  city  of  Tuscaloosa,  are  beds  whose  age 
has  not  been  certainly  determined. 

The  most  conspicuous  rocks  are  purple  and  mottled  clays  interstratifled 
with  white,  yellowish  white,  pink,  and  light  purple,  micaceons  sands,  and 
near  the  base  of  the  formation  dark  gray,  nearly  black,  thinly  laminated 
clays,  with  sand,  partings.  Typical  sections  of  the  mottled  clays  and 
white  sands  may  be  seen  at  Steele's  BlufiT  and  at  White's  Bluff  on  the 
Tuscaloosa  Biver ;  and  a  beautiful  section  of  the  pink,  micaceous  sands 
is  exposed  in  two  large  gullies  below  Havana,  in  Hale  County,  near  the 
residence  of  Hon.  A.  M.  Avery.  The  dark  gray,  laminated  clays  are 
well  seen  near  and  in  the  city  of  Tuscaloosa. 

All  the  beds  of  this  formation,  being  of  loose  clays  and  still  less  coher- 
ent sands,  have  suffered  a  great  amount  of  denudation,  and  in  conse- 
quence they  form  the  banks  of  the  river  at  only  a  few  points. 

(1)  SUMMARY  OF  PREVIOUS  OBSERVATIONS  AND  OPINIONS. 

The  peculiar  formation  above  described  appears  to  have  been  observed 
a  third  of  a  century  ago  by  Prof.  L.  Harper,  then  State  Geologist  of 
Mississippi,  and  by  Prof.  Alexander  Winchell. 

In  1856  Professor  Harper  described  three  specimens  of  CeratiteSj  which 
he  called  C.  Americanusj^  found  by  him  in  1853  in  the  bed  of  the  Tus- 
caloosa (or  Warrior)  Biver  near  Erie,  and  pronounced  by  the  elder 
Agassiz  *^  closely  allied  to  Ceratites  Syriacus  of  L.  v.  Buch,''  fix)m  the 
Cretaceous  rocks  of  the  Caucasus.  Professor  Harper  considered  it 
<<  somewhat  doubtful "  whether  this  was  a  Cretaceous  fossil,  and  sug- 
gested that  it  was  washed  out  from  the  formation  underlying  the  known 
Cretaceous  beds  of  that  section  of  Alabama.  He  adds :  '^  What  forma- 
tion this  is  seems  difficult  to  decide,  it  being  devoid  of  fossils.  It  must, 
of  course,  be  one  of  the  older  formations  intermediate  between  the  coal 
[Carboniferous]  and  the  lime  [Cretaceous],  and  I  should  not  at  all  be 
astonished  if  a  careful  examination  should  give  the  result  of  its  classifi- 
cation among  the  poikilitic  rocks,  to  which  this  variegated  clay  bears 
great  resemblance." '     Subsequently,  in  his  Report  on  the  Geology  of 

iProc.  Acad.  Nat.  Sci.  Phila.,  Vol.  VIU,  pp.  126-128. 

« Ibid.,  p.  28. 
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Miasiasipiii,'  he  speaks  of  tlie  occurrence  of  a  clay  of  gred 
witli  red  atroaks,  itenetrated  by  a  boriug  for  an  artesian 
liii»,  Miss.,  aod  ho  looks  upon  the  occurrence  of  tlii3  ctay 
that  "  there  exista  between  the  Cretaceous  aud  the  Carboi 
tioiis  au  iutermediato  one,  perhaps  tbe  Permian ; "  and  in  tt 
tiou  he  again  mentioDS  the  occurrence  of  groat  beds  of  r, 
htilo\f  the  greeusand  of  tbe  Cretaceous  formation  above  1 
taw,  in  Alii1>ama,  and  repeats  his  suggestion  that  the  t 
of  Ceratites  were  "most  probably  washed  out  of  a  forn 
ing  the  Cretaocous  formation."  With  respect  to  the  aj 
cretaceous  formation  he  adds:  "The  Oeratiteg  beUig  espo 
the  Triassic  formation,  it  is  possible  that  this  formatioD 
Cretaceous." ' 

In  18aG,  also,  Professor  Winchell  mentioned  Ihe  beds  ol 
which  uiiderhe  the  sands  of  Finch's  Ferry,  remarked  i 
gat«d  and  mottled  colors  of  the  clays  and  also  of  the  red 
uddodthatinGieeue County  many  of  the  artesian  wells  « 
these  ^eU8  furnish  a  constant  supply  of  salt  water  (sUoi 
rence  of  local  deposits  of  salt),  while  the  deeper  borings 
abundance  of  quartzose  pebbles;  all  of  which  he  eonsi^ 
with  the  GU])position  that  these  deposits  are  of  Triassic  a 
fKisilioii  is  still  further  strengthened  by  the  occurrence 
vegetables  ap^ieariug  like  the  stems  aud  leaves  of  dicotyli 
•  "  •  some  8i)pcimens  of  which  appeared  to  me  indisi 
stems  of  Equkcti'ca."  Professor  Winchell  also  remarks 
scarcity  (if  iiiiy  orgiiiiic  rem\iins  in  all  these  beds,  esi 
very  suburbs  of  the  city  of  Tuscaloosa,  which,  he  says,  " 
temiinatiou  of  their  age  extremely  doubtful;"*  and  he  i 
fully  convineed  of  tho  Triassic  ago  of  the  beds,  since 
principal  strata,'  he  includes  them  in  the  Lower  Cretaco 

From  these  oxtnuits  it  seems  certain  that  both  Harpe 
were  awaro  of  the  existence  of  this  formation  as  early  as 
1853.  No  unmistakable  reference  to  these  strata  hi 
in  Professor  Tuomey's  writings,  though  ho  must  h 
the  observations  of  tho  two  gentlemen  above  named, 
mcnibered,  however,  that  at  tJie  time  of  his  death  Pro 
had  a  largo  number  of  uiiiiublished  notes  on  tho  goolo^ 
many  of  which  have  been  lost.  It  is  true  that  in  18 
scribed  certiiin  "superficial  bods  of  rod  loam,"  &C.,''  an 
as  184f;Lyell  mentioned  "  great  beds  of  gravel  and  sand'' 
'  l'r,'l.  iii:ii.  Ui'ol.  aud  Agrie,  Uis«.,  p.  27<J,  lh07.  " 

^  I'rnc.  Aiii.  Aasoc.  Adv.  Sci,,  Vol.  X,  Part  II,  [>■  'J^.  IS 
'  Ibul,  p.  t'l!. 
'l\m\.,-p.eA. 

"FiTBt  Kiou.  Kcp.  Grol.  Ala,,  p.  IM,  IKI}. 
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of  Tascaloosa;^  bat  these  great  beds  of  gravel,  sand,  aud  loam  which 
constitute  so  large  a  proportion  of  the  surface  material  about  Tuscaloosa 
are  undoubtedly,  as  Professor  Tuomey  has  said,  of  comparatively  recent 
age,  though  possibly  derived  primarily  from  a  Mesozoic  formation. 
Certainly  neither  Lyell's  nor  Tuomey's  description  applies  to  the  pre- 
dominant beds  of  the  Tuscaloosa  formation,  and  it  appears  equally 
certain  that,  when  their  descriptions  were  written,  neither  of  these 
iiuthors  had  in  view  the  laminated  and  mottled  clays  of  the  formation, 
which  appear  only  here  and  there  in  comparatively  insignificant  ex- 
posures in  a  few  of  the  gullies  back  of  the  city,  the  majority  of  these 
gullies  exposing  only  post-Tertiary  gravels  and  sands. 

The  age  of  the  various  Mesozoic  deposits  of  Alabama  was  discussed 
at  great  length  nearly  thirty  years  ago  by  Hall,  Meek,  Conrad,  Hayden, 
and  others. 

In  1855  Hall  and  Meek,  referriug  to  Taomey^8  publications,  classed 
the  various  Mesozoic  strata  of  Alabama  as  Cretaceous.'  Two  years  later 
Meek  and  Hayden,  making  nso  of  the  information  published  by  Tuomey, 
ilarper,  and  A.  Winchell,  together  with  additional  matter  privately 
communicated  by  the  last  named  gentleman,^  correlated  the  lower  por- 
tion of  the  Alabama  Mesozoic^  with  the  lowest  Cretaceous  formation 
of  New  Jersey  and  Nebraska  and  the  lower  strata  of  Pyramid  Mount- 
ain, New  Mexico  (regarded  by  Marcou  as  Jurassic  and  Triassic).^  Among 
their  conclusions  are  these : 

7th.  There  is  at  the  base  of  the  Cretaceons  system,  at  distantly  separated  locali- 
ties in  Nebraska,  Kansas,  Arkansas,  Texas,  New  Mexico,  Alabama,  and  New  Jersey* 
if  not  indeed  everywhere  in  North  America  where  that  system  is  well  developed  (at 
any  rata  ed^t  of  the  Rocky  Mountains),  a  series  of  various  colored  clays  aud  sand- 
stones, and  beds  of  sand,  often  of  great  thickness,  in  which  organic  remains,  except, 
ing  leaves  of  apparently  dicotyledonous  plants,  fossil  wood,  and  obscure  casts  of  shells, 
are  very  rarely  fonnd,  but  which  everywhere  preserves  a  nniformity  of  lithological 
and  other  characters,  pointing  unmistakably  to  a  similarity  of  physical  conditions 
daring  their  deposition  over  immense  areas. 

8th.  Althongh  the  weight  of  evidence  thus  far  favors  the  conclusion  that  this 
lower  series  is  of  the  age  of  the  Lower  Greeusand,  or  Neocomian  of  the  Old  World,  we 
yet  want  potithe  evidence  that  portions  of  it  may  not  bo  older  than  any  part  of  the 
Cretaceons  system.^ 


*  Qnar.  Jour.  Geol.  Soc,  Vol.  II,  p.  280,  1846;  Second  Visit  to  North  America,  Vol. 
II,  p.  79,  1855. 

•Trans.  Am.  Acad.,  Vol.  V,  p.  380,  1855. 

»Proc.  Acad.  Nat.  Sci.  Phila.,  Vol.  IX,  pp.  117-133,  1857. 

^Deacribed  (Proc.  Acad.  Nat.  Sci.  Phila.,  Vol.  IX,  p.  126, 1857)  as  '<  beds  of  dark  blue, 
soft  shale  or  indurated  clay,  alternating  with  strata  and  seams  of  white  and  mottled 
clays,  green  and  ferruginous  sand,  and  dark,  pyritiferous  shale.  No  organic  remains, 
bat  stems  and  leaves  of  apparently  dicotyledonous  plants  and  a  few  obscure  casts  of 
other  fossils.  Ceratite$  Americana  of  Harper,  is,  however,  supposed  to  hold  a  position 
somewhere  in  this  series.*' 

»Pac.  R.  R.  Rep.,  Vol.  III.  R^8um6  and  Field  Notes,  p.  137,  1853-'54. 

«Proc.  Acad.  Nat.  Sci.,  Vol.  IX,  p.  133,  1857. 
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Later,  in  ttie  suuio  yi^ar,  Hall'  pointed  uiit  tUiit  Marcou's  erroiiuuiis 
reference  of  thu  Pyramid  Mountain  beda  to  tbo  Jurassic  and  Triassic 
waa  at  least  partly  due  tn  mistaken  idc-utifii-jiUon  of  certala  foastU, 
and  followed  the  former  autlims  in  di-fiiiitively  mferring  tlio  Bereral 
formations  iu  guostiou  to  tlio  Cretaceous,  of  wbieb  tbe  lower  divUiou 
is  "  represented  by  No.  1  of  tlio  Nebraslta  section,  and  including  tbe 
various  sandstones  and  shales  or  clnyti  at  tbe  base  of  the  formation  in 
tbe  Llano  Estaoado  and  other  portions  of  New  Mexico;  and  probably 
equivalent  to  tbe  lower  cliiy  beds  of  New  Jersey  [and  Alabama],'  in 
wbicb  tbe  only  fossils  yet  ktiowu  are  of  vegetiiblo  origin,"^  wbile  Con- 
rad was  of  the  opinion  that  the  Oretticoous  deposits  of  Alabama  form  a 
passage  or  iutenucdiate  stage  between  tbe  Cretaceous  strata  of  Texas" 
and  those  of  New  Jersey.*  8ubse(]nent1y  llilgard  (who  was  uuqnestioa- 
ably  familiar  with  the  suggestions  of  Harper  and  Winchell  as  to  the 
'  pre-Cretaceons  age  of  the  clays  and  sands  resting  upon  the  Carbonifer- 
008  strata  in  Alabama  nod  Miasiasippl)  united  the  l>cds  iminediat«ly 
beneath  the  Tombigbee  sands  and  tbe  subjacent  highly  colore<l  clays 
and  sands,  applied  the  name  Eutaw  group  to  the  formation  thus  de- 
fined, and  referred  it.  to  the  Cretaceous.'  In  the  following  year  Meek 
and  Ilayden  re-expressed  their  convictions  as  to  the  age  of  the  lowest 
MesoKoic  beds  of  Alabama,  correlated  tbe  beds  subsequently  described 
by  J.  S.  Newberi:y'  and  B.  F.  Bbumanl'  with  tbe  formation  to  whicli 
tbey  bad  already  referred  tbeso  de|>ositH,  and  applied  to  it  tbe  name 
Dakota  group.'  In  ISOt)  SaCFord  followed  Hilganl  in  uniting  the 
lowest  Mesozoic  Iwds  of  Western  Tennessee  with  the  immediately  8Ui>er- 
jiiceiit  struta  containing  Cretae#oua  fossils;  and  to  the  formation  thus 
defined  he  gave  the,  name  Coffee  S;nid.^  The  latest  specific  exi>res,sii>ii 
on  the  subject  known  is  that  of  Meek,  wlio,  In  187(1,  with  the  entire 
information  available  before  liiiii  up  to  the  initiation  of  tbe  investigations 
herein  described,  inaintains  bis  (ipiiiion  that  the  beds  of  dark  blue, 
soft  shale  or  indurated  clay  Ai;.  of  Alabama,  tbe  plastic  clays  of  Neiv 
Jersey,  auil  the  yellov/  and  brown  sandstones  and  grl^en  siiules  of  Neiv 
Mexico,  to  which  he  added  llie  ICiilaw  group  of  .Mississippi,  are  Creta- 
ceous and  the  erpiivalcnt  of  the  Dakota  formation  of  Dakota,  Nel)raska, 
and  Colorado;'"  but  Lesquerenx  has  recently  correlated   tbe  Dakota 

I  Am.  .lour  S.'i.,  J.i  s.-r.,  V.>l.  XXIV,  [i|i.  T-J-fil,  1*7  ;  als"  K.>1>.  U.  S.  iiu.l  Hex..  Boun.i. 
Siuv..  V..1.  I.  Pi,  II.  l-^-'iT. 


■K.'ii.  I'.  S.ati.lM.-x.  Hniiiul 

,  .Siiiv.,  Vul.  1,  ]■(.  II 

'■li.'.l>.  Uuril.  ami  Ayr.  of  Mis- 

I.,  I.,  lil,  l-(iii. 

■'Koi..  Expl.  Ex|>cil.  I.-.VJ  iiu 

.l.T  Mucoiiib.  11.  :.-2, 

xxix.f.yas,  iwMK 

'Trniis.  At:i(l.  Sti.  St.  L<ii.i.-<, 

,  v.,1.  1.  ,,|..  ■,*i-.-,;io, 

M'ri.:;.  Acid.  Niit.  S.:i.  I'liila 

.,  Vn].  XIII,  |.|..  4P- 

■'(JPdl.gfTcnM.,].,  Ill,   MVJ 

•"V.  a.  Ge»l.  Surv.  Terr.,  Vol 

.  IX.  i.p.  SS-i-i,  lg-(i. 
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group  of  Meek  and  Hayden  with  the  Cenomanian  of  Earope/  thereby 
increasing  the  probs^bility  that  the  formations  subjacent  to  tbe  Eutaw 
or  other  well  defined  portions  of  the  Dakota  group  may  belong  to  the 
Cretaceous. 

Examination  of  their  literature  shows,  however,  that  these  geologists 
failed  to  discriminate  the  poorly  fossiliferons  beds  denominated  Eutaw 
in  Mississippi  and  Alabama  dnd  Coifee  Sand  in  Tennessee  from  the 
subjacent  and  apparently  much  older  formations  now  in  question ; 
and,  since  their  determination  of  the  ago  of  the  entire  series  of  strata 
rests  on  the  evidence  of  the  fossils  from  the  admittedly  Cretaceous 
Eutaw  group,  their  opinion  as  to  the  age  of  the  subjacent  formations  is 
of  little  value. 

Although  the  poverty  of  the  formation  in  organic  remains  precludes 
the  possibility  of  determining  its  precise  position  in  the  geologic  series, 
its  relation  to  other  Mesozoic  formations  of  the  eastern  United  States  is 
suggested  by  its  attitude,  its  lithologic  character,  and  its  stratigraphic 
X)Osition. 

On  comparing  it  with  the  Red  Sandstone  of  New  Jersey  and  Connecti- 
cut (generally  regarded  as  Triassic,  though  W.  M.  Fontaine  has  recently 
X)ronounced  certain  bodies  of  it  lihjetic  <  Lower  Liassic^)  marked 
difTerences  are  found  to  exist.  Thus  the  deposits  of  tbe  Tuscaloosa 
formation  are  seldom  lithified.  while  those  of  the  Eed  Sandstone  are,  in 
general,  firm  sandstones,  conglomerates,  and  shales ;  the  strata  of  the 
Tuscaloosa  formation  are  little  disturbed  (having  only  a  gentle  inclina- 
tion of  thirty  or  forty  feet  per  mile  to  the  seaward),  while  the  Red 
Sandstone  is  everywhere  highly  tilted,  faulted,  slickensidcd,  and  some- 
times contorted ;  the  former  formation  has  never  been  affected  by  in- 
trusives,  while  the  latter  is  intersected  by  trap  dikes  and  iuterbedded 
with  trap  sheets ;  vegetal  matter  in  the  formation  exposed  along  the 
Tuscaloosa  River  is  comparsitively  little  altered,  and  often  retains  its 
woody  texture,  although  it  is  usually  converted  into  lignite,  while  the 
carbonaceous  matter  of  the  Red  Sandstone  on  Deep  and  Dan  Rivers 
and  elsewhere  has  been  converted  into  true  coal.  Both  formations  are 
alike  unconformable  to  the  subjacent  and  Paleozoic  and  Azoic  forma- 
tions; but  while  the  former  is  sensibly  conformable  to  known  Creta- 
ceous formations  the  latter  is  apparently  separated  from  the  adjacent 
(but  nowhere  contiguous)  later  Mesozoic  deposits  by  one  of  the  great, 
est  unconformities  of  the  American  rock  series;  and  finally,  while  only 
slight  and  uniform  elevation  appears  to  have  occurred  in  the  eastern 
part  of  the  continent  since  the  formation  of  the  Alabama  deposit,  great 
changes  in  continental  configuration  have  unquestionably  taken  place 
since  the  formation  of  the  highly  tilted  Red  Sandstone  of  New  Jersey 
and  the  Connecticut  Valley.    Accordingly  these  formations  could  not 

» Rep.  U.  S.  Geol.  Surv.  Torr.,  Vol.  VIII,  pp.  92,  105,  1883, 
8  Mod.  U.  S.  Geol.  Surv.,  Vol.  VI,  pp.  96,  128,  1883. 
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legitimately  l>e  correlatoil  wiFhoiit  the  strongest  possible  paleontologii! 
eTi(]en(!o;  and  sncL  evidence  lias  not  been  foniid.  , 

But  OH  com[iani]g  tLo  formaliou  with  the  younger  M»iozoic  deposits 
of  Eastern  Virginia,  CBUtral  Maryland,  Northern  Delaware,  Hoatheast- 
ern  Pennsylvania,  ami  porliaps  Central  New  Jersey  and  Honthcru  New 
York  —  the  Potomac  formation  of  McGee — there  iit  found  tob«  so  strik- 
ing similarity  in  attitmlr,  in  coingiosition,  iu  degriH^  of  litbiflcation,  anil 
in  stratigraph iu  position  that  the  desuri|ition  of  tllo  onu  in  general 
t^nns  will  equally  apply  to  the  other;  and  this  similarity  will  warrant 
provisional  correlation  of  the  formations. 

The  age  of  the  Potomac  formation  has  nnti  however,  been  satisfacto- 
rily determined,  as  tho  followin;!  liistoiy  of  opinion  eoncerning  it  indi- 
cates: 

Itappearatohave  been  iirst  discriminated  by  K.C. Taylor' who,  iti  1835, 
spoke  of  it  in  one  of  its  oxpoaureM  ax  "  Tlie  Secondary  Horicoutal  Strata 
of  Frederick sbnrg,"  and  described  half  a  dozen  sp(^cie>8  of  fo«»il  planta 
from  it,  and,  on  the  evidence  of  tha  plaats,  referred  it  to  tho  "OfiUlic 
group  of  Europe."  Its  probable  equivalent  was  again  separated  from 
the  foiMiilifcrons  Cretaceous  deposits  in  New  Jersey  iu  1840  by  II.  I). 
IlogerH,  who  denominated  it  Ihe  *'  Potter's  Clay  formation,"  refunfcl 
it  to  the  "Upper  Secondary  aeries,"*  (in  coutrndisti  notion  to  tho  "Mid- 
dle Secondary  series,"  to  which  the  Ked  Sandstone  was  relegatnl], 
and  showed  that  it  passcR  gmdnally  upward  into  the  greeiisaud  divi- 
sion of  the  Crctnrfoii.s.  Iti  Itie  followiiij;  year  it  wiis  specifically  des- 
ignated the  "lied  Cliiy  formation"  in  Dclawnre,  and  referred  to  tlie 
"  L'jipor  Secondary  formation,"  on  Ihe  frmuiid  of  its  rescniblanco  to  tlie 
"Secondary"  formiitioii  oi'  Eiiroiu';''  and  iu  the  same  year  it  M-as  de 
scribed  in  Virginia  by  \V.  15.  lioj,'i'rs,  wlio  denominated  the  formation 
thc"Upper  Secondary  .Sanilstoncs  and  Conjilouiorates,"'*  in  contradis- 
tinction to  tlie-  "  Aliddle  Secondary  Sandstone"  i*tc.  (comprised  in 
the  Kinetic  of  Fontainr).  In  l.Slli,  he  referred  it  to  the  Oolitic=  anil 
a^aiu  in  the  same  year  (as  a  siibseiinent  publication  indicates)  "Jo 
tlie  upper  part  of  the  .Inrassic  serii'S,  corresponding  probably  to  the 
Purbeck  beds  of  British  j,'cologis  ts."'"  The  bases  lor  these  references 
appear  to  have  been  (1)1  lie  evidence  of  undi's<Tibed  plant  and  animal 
remains,  (li)  the  litlioliigic  cliaraclcr  of  the  deposits,  and  {'.i)  the  strati- 
graphic  relations  of  the  formation.  In  IS-io,  after  examining  this  and 
associated  formations  in  company  with  Conrad,  Sir  Charles  Lyell' 
"arrived  at  the  conclusion  that  tliu  whole  of  the  New  Jersey  series  [of 
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Cretaceoas  deposits]  agrees  in  its  chronological  relations  with  the 
European  White  Chalk,  or,  to  apeak  more  precisely,  with  the  formations 
ranging  from  the  Gault  to  the  Maestricht  beds  inclusive;"  but  his  Ian. 
gnage  in  another  publication  suggests  that  his  expression  is  designed 
to  apply  only  to  the  fossiliferous  formations  overlying  the  plastic  clays 
constituting  the  upper  division  of  the  Potomac  formation.*  Certainly, 
his  conclusion  rested  in  large  part  on  his  own  observations  of  conformity 
and  collections  of  shells  from  the  fossiliferous  formations.  In  1867,  as 
already  mentioned,  Meek  and  Hayden,  after  visiting  the  exposures 
and  examining  the  collections  of  the  State  geologic  survey  and  dis- 
cussing the  paleontologic,  lithologic,  and  stratigraphic  evidence  then 
available,  correlated  the  plastic  clays  forming  the  base  of  the  newer  Mes- 
ozoio  of  New  Jersey — the  "Potter's  Clay  "  formation  of  n.  D.Rogers — 
with  the  European  Neocomian.*  In  1860,  Tyson  recognized  what  ap- 
pears to  be  the  same  formation  in  Maryland,  denominated  it  "Forma- 
tion No.  21,"^  and,  on  the  questionable  evidence  of  a  few  imperfectly  silici- 
fied  casts  of  undetermined  fossils,  a  new  genus  of  Cycas,  silicified  and  lig- 
nitized  coniferous  woo<l,  a  fragment  of  a  rib  of  a  whale,  and  "  part  of 
the  teeth  and  bones  of  an  herbiferous  Saurian,"  referred  it  (including 
the  "Iron  Ore  Clays  ")  to  the  Cretaceous ;  but  two  years  later,  on  the  evi- 
dence of  the  cycad  alone,  concluded  (with  the  expressed  concurrence  of 
L.  Agassiz)  that  it  ought  to  be  placed  "  at  least  as  low  as  the  Oolitic 
period."*  On  assuming  control  of  the  geologic  survey  of  New  Jer- 
sey, Cook  recognized  and  repeatedly  described  the  formation  consti- 
tuting the  base  of  the  newer  Mesozoic  series.  In  1865  he  denominated 
it  the  "Fire  and  Potter's  Clays"  and  definitively  referred  it  to  the  Cre- 
taceous,^ though  without  explicit  statement  of  the  reasons  for  the 
reference.  In  the  same  year  Leidy  ^  adopted  the  taxonomy  of  Meek 
and  Hayden,  and  described  and  referred  to  the  Cretaceous  a  reptilian 
tooth  {Astrodon  Johnstonii)  from  the  '*Iron  Ore  Clays ''  of  Maryland.  In 
1868,  Gook  substituted  the  name*"  Plastic  Clays'"  for  the  formation  as 
developed  in  New  Jersey,  and  correlated  it  with  the  Lower  Greensand 
of  Europe  on  paleontologic  and  stratigraphic  grounds.  During  the 
same  year,  however,  Conrad^  referred  the  formation  to  the  Triassic,  on 
the  evidence  of  two  casts  of  lamellibrauchs  (called  "  Cretaceous  spe- 
cies'^  in  the  title),  and  a  few  plant  remains  referred  to  the  genus  Cy- 
clopteris,  which  he  found  within  it;  while  Cope,  who  found  within  it  in 
Western  New  Jersey  "leaves  of  dicotyledonous  trees, ctenoid  fish  scales, 

*  Qaar.  Jour.  Oeol.  Soc,  Vol.  I,  p.  60,  1845. 

«Proc.  Acad.  Nat.  Sci.  Phila.,  Vol.  IX,  pp.  127-133,  1857. 
'Firat  Rep.  Agr.  Chom.  Maryland,  pp.  41-43,  1860. 

*  Sec.  Rep.  Agr.  Cliem.  Maryland,  p.  r>4, 1862. 
6  Ann.  Rep.  Geol.  Surv.  N.  J.,  p.  24, 1864. 

«  Smithsonian  Cont.,  Vol.  XIV,  Cret.  Rep.  U.  S.,  pp.  2-4, 1865. 
'  Geol.  of  N.  J.,  pp.  30,  241,  246-248,  1868. 

*  Am.  Jour.  Cone,  Vol.  IV,  p.  279, 1868. 
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au(l  numerous  Uuioiiidjn  in  a  tolerably  (jood  state  of  preservation,"  cor- 
related it  witli  Meek  ami  Haydeu'a  "  Enrlier Cretaceous  No.  1 "  (Dakota), 
altboiigti  tbe  six  species  of  (Jnios  and  Anodoiitas  con  tained  within  it  hare 
"some  analogy  with  those  of  the  Wealden,  procured  by  Dr.  Mantell 
in  England."'  In  1S75  W.  B.  Rogers,'  ref.rriug  to  Tyson's  discov- 
ery of  stumps  of  cycads  in  the  formation,  relegated  it  to  the  horizon 
of  the  Upper  Jurassic  rocks,  and  suggested  that  "  we  may  find  here  a 
passage  group  analogous  to  the  Wealden  of  Biltiuh  geologj'."  In  the 
next  year,  after  an  exhaustive  review  of  its  paleontologic  and  strati- 
graphic  relations,  Meek'  referred  the  formation  uuqueationtngly  to  tbe 
Cretaceous,  and  suggested  that  it  represents  a  "part,  if  not  the  whole, 
of  the  Upper  Greensand."  In  ISTSOook  retained  the  name  "Plastic 
Clay  "  for  the  formation  as  developed  in  New  Jersey,  and,  on  the  au- 
thority of  Lesquereux  and  Gabb,  who  examined,  respectively,  the  plant 
and  animal  remains  found  within  it,  again  correlated  it  with  tbe  Lower 
Greensand  of  Europe.'  Lesijuei-eus  remarks  that  the  plant  reinaJus 
of  the  formation  have,  "so  far  as  they  aie  deteruiiuablc,  the  charac- 
ters of  the  flora  of  the  Dakota  group,  or  of  the  Lower  Cretaceous  of 
Nebraska  and  Kansas.  This  is  Lower  Orelaceona  lor  this  countij", 
ctinivuleut  to  a  lower  member  of  the  Upper  Cretaceous  of  Europe."* 
During  the  next  year  Fontaine  described  the  formation  as  exhibited 
in  the  Fredericksburg  and  Peterabnrg  belts,  and,  on  the  evidence  of  a 
moderately  abundant  flora,  correlated  the  upper  division  of  the  stratii 
of  the  former  belt  with  the  Weaklen'^  and  those  of  the  lower  part 
with  the  Upper  Oiilite,^  and  referred  the  whole  of  tbe  Petersburg 
belt  to  the  Wealden."  lu  ISSO  (!)  Dana'  adopted  the  taxonomy  of 
Meek  and  Hayden,  and  referred  the  I'liustic  Clay  of  Cook  and  tLo 
correlative  deposits  in  Delaware,  Marytaml,  and  Virginia  to  tJie  Cre- 
taceous, to  which  he  also  ascribes  tlie  Alabama  beds  supposed  to 
yield  Harper's  donbtfiil  genus  Ccnililes."'  In  18.S1  this  formation  was 
recognized  in  rennsylvania  by  C.  E.  Ihill"  (though  il.s  existence  there 
was  long  ago  denied  by  11. 1).  Itogers),''  wlio  <lenoniiiKited  it  "  Wealden 
Clay"  and  classed  it  as  "  a  remnant  of  tlie  lowest  clay  beds  of  the  New 
.Jersey  Cretaceous  (Wealden  ')."    In  the  same  year  liril  ton"  denominated 

'  I'lric.  Ac'iiil.  K:it.  .S^^i.  I'hilii.,  V..I.  \X,  [..  i:,7.  l-iW. 

■  I'm.-,  Itiist.iii  H-'C.  N:it..  Ilis.,  V.il.  XVIII,  i..  III.',,  IST,",. 
■'li.'p.  r.S.Gi:<.l,  S.irv.  T.Tr..  Vol.  IX.  |..  xli\,  l-7ii. 
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the  formation  as  represeuted  on  Staten  Island  tho  Cretaceoas  forma- 
tion and  remarked  that  ifc  is  '^a  direct  continaation  of  the  'Plastic 
Clay'  division  of  the  Cretaceoas,  so  named  by  the  New  Jersey  geolo- 
gists, and  Iie[8]  at  the  base  of  the  formation  in  Eastern  North  America." 
Newberry^  also,  daring  the  same  year,  expressed  the' conviction  that 
these  strata  are  Cretaceoas.  In  18S3  Fontaine'  discriminated  the  older 
Mesozoic  and  the  younger  Mesozoic  of  Virginia,  and  remarked  that 
^Hhe  younger  Mesozoic  strata  have  very  little  in  common  with  "the 
older,  but  expressed  no  more  definite  opinion  as  to  their  age.  In  the 
Siime  year  Uhler'  described  the  formation  as  developed  in  Maryland  in 
a  popular  address,  discussed  it^s  flora  and  fauna,  denominated  it  the 
Wealden,  and  referred  it  to  the  ui)i>er  part  of  the  Jurassic.  A  year 
later  Chester*  applied  the  New  Jersey  name  of  Plastic  Clay  to  the  for- 
mation in  Delaware  and  referred  it  to  the  "Lower  Cretaceous  (Weal- 
den t),"  but  upon  what  basis  is  not  evident.  In  the  same  year  ap- 
peared W.  B.  Rogers's  posthumous  geologic  map  of  Virginia  and  West 
Virginia,^  in  which  the  formation  is  classed  as  "  Upper  Jurassic  passing 
upward  into  base  of  Cretaceous."  In  the  same  year  also  McGee,^  after 
assembling  and  adjudicating  the  entire  available  evidence  as  to  the  age 
of  the  formation,  provisionally  mapped  it  as  Cretaceous.''  One  of  the 
latest  published  expressions,  and  perhaps  the  most  authoritative,  is 
that  of  B.  P.  Whitfield,  who  describes  five  species  of  lamellibranchiate 
shells  from  this  formation  in  New  Jersey.  Whitfield  considers  that 
*<  Mr.  Conrad  may  have  been  mistaken  "  in  regard  to  the  casts  of  Astarte 
from  the  ash  colored  clays  of  this  formation,  referred  by  him  to  the  Tri- 
assic,  and  expressed  the  '^  feeling  "  that  the  formation  more  probably 
represents  the  Jurassic  than  the  Cretaceous.^  In  the  same  volume 
Cook  applies  the  eminently  suitable  name  Karitan  Clays*  to  the  forma- 
tion as  developed  in  New  Jersey,  and,  on  stratigraphic  grounds,  adheres 
to  his  opinion  that  the  formation  is  a  part  of  tho  Cretaceous.  Still 
more  recently  Fontaine  ^^  has  re-examined  the  various  exposures  of  the 
formation  in  Virginia  and  made  extensive  collections  of  plant  remains 
from  them.  He  finds  that  while  the  general  facies  of  the  flora  is  Neoco- 
mian  there  is  a  notable  commingling  of  Jurassic  and  even  earlier  forms. 
Accordingly  the  precise  equivalence  of  the  formation  with  any  of  the 
European  or  western  American  divisions  cannot  be  established. 


» Trans.  N.  Y.  Acad.  Sci.,  Vol.  I,  i),57,  l881-»8-2. 

«  Mod.  U.  S.  Geol.  Surv.,  Vol.  VI,  p.  2,  1883. 

3  Johns  Hopkins  Univ.  Cir.,  Vol.  II,  p.  53, 1883. 

*Proc.  AomI.  Nat.  Sci.  Phila.,  pp.  250-2, 1884. 

6  Reprint  Geol.  of  the  Virgs.,  map,  1883-'84. 

«  Fifth  Ann.  Rep.  U.  S.  Geol.  Surv.,  PI.  II,  1883-'84. 

»  Fifth  Ann.  Rep.  U.  S.  Geol.  Survey,  PI.  II,  1885. 

8Mon.  U.  S.  Geol.  Surv.,  Vol.  IX,  pp.  22,  23, 1885. 

••*Ibi(l.,  p.  X. 

»»> Sixth  Ann.  Rep.  U.  S.  Geol.  Surv.,  pp.85  and  86, 1884-'85. 
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a.  uBSBnv\TiO-V3  FRiiM  IBJa  TO  l*jo  OF  occrnBENcas  o.v  tur  TUscjax>osi. 

The  recent  work  upou  tbc  basal  Uosozoics  iu  Alabama  may  be  sam- 
niarizcd  as  follows:  In  tLe  spring  of  18S3  Mr,  L,  0.  JoUuson,  while  en- 
gaged ill  the  woflt  of  tlio  U.  8.  Geological  Sarvey,  observed  the  purple 
aud  mottled  clays,  briefly  described  above,  in  Dallas  Couuty,  and  on 
Big  and  Little  Mulberry  Oi'eeks  in  Autauga  Outinty,  iiud  obtained  from 
well  borers  many  notes  of  their  twcurreiicu,  and  conjectured  that  they 
belonged  to  a  formation  anterior  to  tlie  Cretaceous.  I  had  seen  the 
same  clays  jn  1871  on  the  ronil  between  Tuscaloosa  and  Eutaw,  without 
reaching  any  decision  an  to  their  age.  In  August,  1383,  upon  the  joint 
excursion  of  which  this  paper  is  the  record,  we  had  the  satisfaction  of 
observing  every  outcrop  of  these  beds  along  the  Tuscaloosa  River  below 
ToBcalootia,  andiu  the  autumn  of  1SS4,  at  the  joint  expense  of  Mr.  T.  H. 
Aldiich  and  the  Geological  Survey  of  Alabama,  Mr.  D.  W.  LaogdoD,  jr., 
undertook  an  eseursiou  through  Bibb  County  aloug  the  Cahaba  Biver, 
for  the  purpose  of  studying  this  formation  there. 

In  tlie  summer  of  1885  the  writer  had  the  opportunity  of  examining 
many  exposiireis  of  those  clays  and  sands  in  the  interior  of  Tuscaloosa, 
Ilale,  Bibb,  and  Autauga  Counties. 

In  the  early  part  of  188G  wo  found  iu  the  city  of  Tuscaloosa  a  flue  ex- 
posure of  dark  gray,  laminated  clays,  full  of  leaf  impressions,  which 
promise  to  furnish  the  uie.ms  of  determiuiug  definitively  the  age  of  the 
formalion. 

Some  leaf  impressions  collected  by  Mr.  Langdon  and  the  writer  in 
Bibb  County  were  submitted  to  Professor  Leo  Lesquerenx.  One  of  these 
was  considered  by  him  to  be  referable  to  the  genus  I'odozamitcx,  with 
alliuities  to  /',  lancenhxtux  anil  P.  dinlans  of  the  Trias  or  Kha^tic,  and  with 
still  closer  atliuitios  to  1'.  pitlckellus  lleer,  from  the  Jurassic  of  Spitz- 
bergen.  Professor  Lesquerenx  remarks:  "  I  have  found  some  siiecies  of 
the  genus  iu  the  Cretaceous,  but  none  with  leaves  of  the  same  form  as 
yonrs.  The  I*.  jiiilckeHim  has,  like  your  leaf,  distinct,  coarse,  somewhat 
distant  primary  nerves,  separated  by  thin,  punctate  ones.'"  This  leaf 
impression,  so  faras  it  goes,  appears  thus  to  confirm  the  evidence  aflbrded 
by  the  Ceralitei  of  I'rofessor  Harper,  and  the  leaf  impressions  of  Profes- 
sor Winehell  ill  so  far  as  these  indicate  a  pre-Cretaceous  age  for  the 
formation. 

This  evidence,  unfortunately,  is  imt  decisive.  Tl»o  plant  remains  found 
by  Professor  Wincliell  were  not  detenuincd  even  generically  ;  while  the 
speciuieiis  of  CrratUet  were  not  found  in  situ  in  the  beds  in  question, 
but  "on  a  sauii  bank  in  the  middle  of  the  river  •  •  •  [in  the  area  of 
known  Cretaceous  rocks]  among  other  evidently  Cretaceous  fossils,"^ 

I  .Six  (Ufj..  U.  S.  G«.)l.  Siirv.  T.'rr.,  V<.1.  VIII,  pp.  27-30,  l-SKt). 
'Pri>c.  kiM\.  Nat.  Sci.  I'hilit,,  Vnl.   VIII,  [..  12(i,  isai. 
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and  at  least  one  of  them  has  since  been  prouoanced,  by  no  less  com- 
petent an  anthority  than  Meek,  ^<  to  be  a  worn  specimen  of  the  old  genus 
Ammonites.^^ 

Some  better  specimens  from  the  city  of  Tuscaloosa  were  determined 
recently  by  Professor  Lesqaereaz.  They  all  point  to  the  Cretaceous  age 
of  these  beds,  although  the  evidence  is  not  yet  conclusive. 

In  view  of  the  diversity  of  opinion  indicated  by  the  foregoing  review 
and  of  the  paucity  of  organic  remains  in  the  Potomac  formation  and 
correlative  deposits  on  the  Atlantic  slope,  and  in  view  of  our  uncer- 
tainty as  to  the  exact  equivalence  of  the  deposits  exposed  on  the  Tus- 
caloosa Biver,  we  are  unwilling  to  express  ourselves  decidedly  as  to  the 
age  of  the  formation  to  which  they  belong,  though  we  incline  to  the 
belief  that  it  is  Cretaceous. 

Since  the  formation  to  which  the  purple  clays  and  associated  strata 
belong  is  clearly  distinct  from  those  already  recognized  and  named  in 
Alabama  and  since  it  cannot  be  coordinated  with  certainty  with  any 
other  formation  in  this  country,  it  seems  desirable  that  it  should  receive 
a  specific  designation.  We  therefore  nropose  for  it  the  name  Tusca- 
loosa formation,  after  the  name  of  the  city  at  which  and  the  river  along 
which  its  typical  exposures  occur. 

The  stratigraphic  relations  of  the  Tuscaloosa  formation  may  be  seen 
by  reference  to  the  general  section  (Plate  XXI,  p.  185).  In  construct- 
ing this  part  of  the  section  we  have  assumed  a  uniform  dip  towards  the 
southwest  of  about  forty  feet  to  the  mile.  The  indicated  thickness  is, 
accordingly,  only  approximate. 

Rock  Bluff, — Between  Big  Log  Shoals  and  White's  Bluff  no  rocks  are 
seen  along  the  river  banks,  except  at  Bock  Bluff,  where  a  pebbly  con- 
glomerate with  ferruginous  cement  forms  a  bluff'  and,  lower  down  the 
river,  a  rocky  reef.  This  rock  is  underlaid  by  a  gray  or  bluish  clay. 
The  position  of  this  stratum  is  about  seventy  five  feet  below  the  lowest 
of  the  Eutaw  beds  as  exposed  at  Big  Log  Shoals. 

At  Whitens  Bluff  we  see  the  first  of  a  series  of  purple  and  mottled 
clays  with  iuterstratified  sands,  which  occur  at  intervals  as  high  Up  the 
river  as  Mrs.  Prince's  Landing,  near  Carthage.  At  the  lowest  estimate^ 
these  clays  and  sands  are  275  feet  in  thickness. 

In  detail,  the  sections  exposed  along  the  river,  in  geologically  descend- 
ing order,  are  as  follows : 

(a)  Section  at  White's  Bluff,  Greene  County ^  Tuscaloosa  River. 

1.  Purple  clay,  mottled  with  irregular  patches  of  gray  clay,  both  purple  and  gray 

portions  sandy 10  feet. 

2.  Micaceous  sands  of  light,  nearly  white  color I  foot. 

3.  Light  colored  sands,  with  little  or  uo  mica 14  feet. 


1  Rep.  U.  S.  Geol.  Snrv.  Torr.,  Vol.  IX,  p.  40,  1876. 
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A  ftiw  inik's  iiigliur  up  tbe  rivor  tbe  suiue  beils  ;ire  again  seen  at 
Steel^s  Bluff,  as  follows : 

(i)  S(io(io,t  af  5lf«ie'9  Bluff,  Tuicaloota  Ricer. 

L  Pnqjle  and  mottle^ clays lit  ft-ot. 

B.  Light  colored,  often  Donrly  vhite,  rnni-M  grained  Bandit,  lioldiuj;  a  fuw  Hinall  poIi- 
IiIbh  iu  places ;  the  pebbica  nioslty  of  cLi^rt,  not  quartz 10  lu  12  Tent. 

The  sands  iu  tbe  above  sectiou  are  in  platies  strongly  cross  becUled 
Boil  oil  exposure  to  the  atmospliere  sliow  a  t«Ddeii(?y  to  banlcD  into  a 
(iretty  firtn  saiidstoue,  whiuh  is,  however,  quite  friable  aud  easily  rnbbe<l 
down  between  the  fingers  after  the  thin  oatsido  coating  of  haidi-r 
tuaterial  lias  been  removed. 

At  Batth^s  Landing  there  is  a  thin  bed  of  ferrugtnons  sandstouc,  ex- 
tremely  hard  and  finu  and  very  situilar  to  the  ferruginous  roelcs  so 
often  formed  in  the  drift  Iwds. 

At  Willi/ard'a  Landing  the  purple  clay  shows  from  the  water's  edge 
ftbout  ten  feet  in  tbiekuess,  and  over  it  occur  second  bottom  or  livt-r 
deposits.  Between  the  two  a  great  hnniber  of  bold  springs  of  very 
pare  water  break  out.  An  iirlesian  well,  said  to  be  4(10  feet  deep,  was 
bored  at  this  place  thirty  or  forty  years  ago,  but  no  record  of  the  boring 
is  now  to  be  had.  Tbe  water  flows  out  at  the  top  and  is  not  siilty. 
This  is  tbe  farthest  north  of  any  of  ihe  artesian  wella  of  Middle  Ala- 
bama. Tbe  locality  is  Sec.  31,  T.  24  N.,  B.  4  E.,  in  the  lower  edge  of 
Tnscaloosa  Connty. 

Just  iibovii  Willifoni's  Landing  mid  at  /?<■((//(■•«  LmiiVuig  tlit're  ^ut- 
reefs  of  rock  forming  shoals  at  low  water.  Tliese  rocks  arc  sandstones 
and  conglonicniti's,  witli  ferruginous  cement,  siiiiilar  to  that  already  iin- 
ticed  at  Battle's  Landing. 

We  see  the  last  oiitcrni»  along  tbe  river  of  the  pnrple  mottled  (days 
at  MvK.  Prince's  Landing,'  where  they  are  about  six  or  eight  feet  alwve 
tbe  water's  edge. 

Between  Mr.s.  Prince's  Landing. indTuscaloosa  I  he  immediate  banks  of 
tlic  riverare  with  few  exceptions  fornicdby  the  loose  materials  of  I  lie  see. 
Olid  bottom  deposits.  At  one  or  two  places,  however,  given  below, 
ai)]u-iir  exiiosiiiTs  of  more  ancient  nn^ks.  Witli  a  [iniform  dip  of  ftie 
si  rata,  llu-  distanre  between  Mrs.  Piiiice's  Landing  and  Tuseahiosa  would 
r»'|iresent  a  tliickni'ss  of  more  tliaii  five  hundred  feet,  only  forty  or  tifty 
of  which  arc  at  all  exposed  along  the  river. 

Suinideis'ii  Ferry. — At  or  near  idanndei-s's  Ferry,  just  below  tbe  Twelve 
Jlile  Kock,  there  is  a  line  exposure  made  by  a  lainlslide.  Here  are 
seen  about  thirty  to  forty  feet  perpendicular  of  thin,  laminated  clays  and 
sands  of  a  dark  gray  eolor,  containing  no  recognizable  fossils,  but  many 
small  fragments  of  lignitlc  matter.  Very  similar  beds  have  also  l)eeu 
notiet'd  by  myself  on  the  road  fi-om  TascMluosa  to  Carrollton. 

'  Tln-y  iii^iy  !"■  k,.,.ii,  1i,»v,,vlt.  n\m\-v  Mrs.  I'riiior'x  in  many  pl^Lcen.  in  thr  hill^  :i  tV.-w 
rods  b:i(li  liMin  tlj..  iiiimrdiat.'  liaukn  of  tlu>  riv.'r,     8™  wrtioii  (c),  uoxt  i<as<.: 
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At  the  time  of  my  subscqaent  visit  to  this  locality  certaia  overlying 
strata  omitted  in  1883,  because  considered  to  be  a  part  of  the  drift,  were 
added,  as  well  as  some  beds,  nearer  the  water  level,  at  that  time  hidden 
by  alluvial  deposits.    The  full  section  is  as  follows : 

(c)  Section  above  Saunders* s  Ferry ,  Tueoalooaa  River, 

1.  Rather  massive  clays  of  greenish  and  porple  colors,  breaking  with  conchoidal 

fracture.  On  drying,  these  clays  become  hard  and  rock-like,  resembling  then, 
except  in  color,  some  of  the  claystones  of  the  Bnbrstone  formation.  These  clays 
when  wet  soften  and  slide  down  the  slopes,  covering  them  completely  in  places. 
In  this  clay  we  find  many  rounded  masses  of  ferruginous  and  silicious  matter  of 
odlitic  structure.    Thickness  of  the  clays 40  feet. 

2.  Laminated,  sandy  clays,  gray,  with  sand  partings 5  feet. 

This  bed  is  rather  more  coherent  than  the  underlying  and  forms  a  slightly  pro- 
jecting or  overhanging  ledge. 

3.  Gray,  cross  bedded  sands,  with  partings  of  clay  along  many  of  the  planes  of  false 

bedding , 25  feet. 

This  and  the  preceding  might  readily  be  considered  together  as  one  member, 
more  claj-ey  in  the  upper  five  feet' and  sandier  below,  and  this  is  our  grouping  of 
1883.  In  these  beds  we  find  a  good  deal  of  lignitic  matter  and  some  leaf  impres- 
sions very  well  preserved. 

4.  Slope  or  bench  forty  to  fifty  feet  wide,  covered  by  i^d  clay  and  sands,  slidden  down 

from  No.  1  and  washed  out  of  Nos.  2  aud  3 3  feet. 

5.  Gray  or  whitish,  cross  beddad  sands,  forming  the  immediate  bank  of  the  river.  15  feet. 
H.  Blue,  micaceous  sands  to  water  level 5  feet. 

This  section  of  140  feet  is  undoubtedly  of  Tuscaloosa  materials. 

At  Venabys  Landing  there  is  a  sandstone  bluff  15  to  20  feet  high, 
formed  of  bluish,  micaceous  sands  indurated  into  a  tolerably  firm  rock 
in  places.  The  bedding  planes  of  this  rock  are  strongly  ferruginous 
and  numbers  of  chalybeate  springs  break  out  from  the  sides  of  the  bluff. 

About  five  and  a  half  miles  below  Tuscaloosa  there  are  to  be  seen  at 
the  water's  edge  some  rocks  which  consist  of  sandy  clays  somewhat  in- 
durated. These  clays  are  interstratified  with  thin  beds  of  lignitic  mat- 
ter, with  black  scales  resembling  graphite  disseminated  through  it. 
The  lignitic  matter  consists  of  indistinguishable  impressions  of  leaves 
and  stems,  and  occasionally  throughout  the  mass  are  nodules  of  iron 
pyrites,  aud  not  unfrequently  fragments  of  stems  lignitized  or  con- 
verted into  charcoal,  coated  externally  with  a  thin  shell  of  pyritc. 

In  the  banks  of  the  branch  at  the  University  of  Alabama  there  is  a 
very  similar  small  remnant  of  the  Tuscaloosa  formation,  mottled  cl^^ys, 
embedded  in  the  red  loam.  The  same,  mottled  pur2)le  and  gray,  appoar 
at  several  places  along  the  road  leading  from  the  university  to  the  city 
of  Tuscaloosa  and  in  the  gullies  back  of  the  city  toward  the  river.  In 
many  of  these  localities  the  clays  have  evidently  been  partly  redistrib- 
uted, drift  fashion,  but  in  one  or  two  places  we  see  the  undisturbed  beds, 
consisting  of  dark  bluish  gray,  nearly  black  clay,  in  laminae  (half  an  inch 
thick),  separated  by  partings  of  white  sand,  six  or  eight  feet  thick,  with 
white  and  yellowish,  strongly  cross  bedded  sands  underlying  them.    It 
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!  dillidult  to  ilijtermiuu  tlic  tbickaess  of  tlitwo  sfttiils,  iis  tlivy  aro  so  hid- 
,eu  by  tUe  il6bris  from  above,  but  it  is  uot  less  timu  20  fixt. 
la  Olio  of  lliti  ^ulliea  back  of  Tuscaloosa  wo  get  tlic  following  eoction : 

(il)  Sei'UoH  in  Taicaloasa. 

.  FebWon,  Hand,  ami  red  Inani  of  tbo  Drift,  furmiiig  the  plAtoau  nn  wlilch  ibe  city  of 

Tuscaloosa stauda 15  feet. 

1  Ligbt  graj,  somewhat  massive  claf  ■,  motttod  with  fallow,  bat  becotuiug  IftmiDatvd 

below 3fe*t. 

.'Dnrk  bluD,  uuarlj  black,  lamiuutod  clays,  lamtate  half  an  inch  thick,  tieparaled  bf 
thin  pnrtingB  of  wbit«  nand.    Ths  ola;  ouiitAins  the  leaf  iinprcaaioiiB  which 

have  boon  exaialnud 3  fcut, 

.  YDlluwidh  grnir,  Uniluatoil  dajs,  also  coiitainiiig  a  fuw  leaf  imprcasions,  of  THthor 

variable  thickness.... S  feet. 

.  StroDgl;  uro»t  bedded,  yellowish  or  neurly  wbi(«,  sbnrp  sand,  with  a  f«w  streulcs 
of  clay  frregnlady  dIstribaCed  throagh   it.    Thiekuosa  uncertain,  bnt  uot  leas 

tUau 20  feet. 

We  caunot  aay  wUat  lies  below  tUe  sands,  since  tlie  strata  of  Ibis 
brinittioii  about  Tuscaloosa  Lave  suffered  a  great  amount  of  deuudatiou 
ly  erosion  and  their  outcrops  appear  only  bere  uud  tberc.  The  eroston 
lollows  have  been  filled  id  vritli  pebbles  ftud  sands  of  the  Drift,  often  to 
■be  depth  of  50  or  CO  feet.  These  circumstances  abd  the  fact  that  the 
slays  theDiselres  have  in  jilaces  beou  broken  up  and  redeposited  in 
uinps  among  tbo  drift  pebbles  hare  caused  this  formation  to  be  over- 
ooked  or  confounded  with  the  lirift.  The  dark  Rray,  laminated  clays 
above  mentioned  contain  ninny  beautifully  preserved  leaf  impressions, 
which  are  now  being  studied  and  which  will  probiilily  fix  definitely  the 
a^e  of  the  formation. 

It  will  thus  be  seen  that  the  exposures  along  the  rii'cr  givi'  us  an  in- 
sight into  the  composition  of  only  a  very  small  proportion  of  the  strata 
which  underlie  the  purple  cliiy.s. 


The  observations  niaile  since  1S-S3  by  eueli  of  us  independently  anil 
by  I).  W.  Liingdon,  .jr.,  of  the  Geological  Survey  of  Alabiima,  have 
conliriiR'ii  "iir  first  cnncliisiun  as  to  the  relalive  p:)silions  of  t lie  various 
strata  of  this  formation,  and  at  the  same  time  have  added  toourknowl- 
ed;;e  of  it;-  compinn'iit  parts. 

The  ob.servatiinisof  .Mr.  Johnson  have  extended  over  piirts  of  Au- 
taifga  and  Dallas  Ctmntie.s,  on  the  waters  of  Mulberry  Creek,  and,  in 
18St,  to  Ti.shoiningo  and  Itawamba  Counties,  in  Mississippi.  Those  of 
the  writer  and  of  Mr.  Lanj;don  have  extended  over  parts  of  Tuscaloosa, 
Hale,  llibb,  and  Antauga  Counties. 

To  these  observations  are  added  those  of  Trof.  A.  "Winchell,  who 
deserilies  the  fiirniiitioTi  urnler  diseussion  in  the  following  terms  :' 

■  I'ruL-.  A:ij.  Assu,^  Adv-  ^,^i.,  Vul,  X,  Part  U,  \>.  IKl,  IBGG, 
(i-IJO) 
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At  aboat  eight  miles  above  Eutaw  the  shale  becomes  softer,  the  lamination  disap- 
pears, and  we  have  beds  of  light  clay,  mottled  curiously  with  blue,  rod,  and  yellow, 
reminding  one  forcibly  of  the  Kouper  of  the  Germans.  More  than  this,  we  find  alpng 
the  roadsides  and  the  mar;;ins  of  ravines  in  the  upper  part  of  Greene  County  large 
masses  of  red  and  poikilitic  sandstone,  exceedingly  compact,  an^  used  for  underpin- 
ning buildings.  Add  to  this  that  very  many  of  the  artesian  wells  in  Greene  County, 
which  penetrate  these  beds,  furnish  a  constant  flow  of  salt  water,  showing  the  occur- 
rence of  local  deposits  of  salts,  while  the  deepest  borings  have  brought  up  abun- 
dance of  qnartzose  pebbles,  and  we  have  four  well  established  facts  compatible  with 
the  supposition  of  the  Triassic  age  of  those  beds,  without  mentioning  the  occurrence 
of  vegetable  remains,  some  specimens  of  which  appeared  to  me  indistinctly  allied  to 
stems  of  Equiaetites, 

These  beds  continue  without  much  change  to  the  very  suburbs  of  Tuscaloosa ;  and 
a  very  good  section  is  seen  at  Foster's  Ferry,  within  a  few  miles  of  town. 

The  almost  total  absence  of  organic  remains  from  these  shaly  and  poikilitic  depos- 
its renders  the  determination  of  their  age  extremely  uncertain. 

It  seems  probable  that  the  red  sandstone  mentioned  by  Professor  Win- 
cbell  is  tbe  same  as  that  occurring  at  Battle's  Gin,  on  the  river,  and  at 
Havana,  presently  to  be  described. 

On  going  by  land  from  Tuscaloosa  to  Eutaw,  on  the  western  side  of 
the  river,  in  1886,  we  have  been  able  to  repeat  the  observations  of  Pro- 
fessor Winchell.  Two  miles  west  of  Saunders's  Ferry  and  about  ten 
miles  west  of  Tuscaloosa,  the  road  passes  by  the  edge  of  a  great  gully 
washed  out  of  materials  of  the  Tuscaloosa  formation.  This  gully  is  of 
nearly  100  feet  perpendicular  depth,  and  the  bottom  slopes  then  very 
gradually  down  40  or  50  feet  more. 

(a)  Section  of  gull  If  10  milea  weal  of  Tutcalooaa, 

1.  Drift  and  red  loam • 10  feet. 

2.  Sharp,  yellowish,  cross  bedded  sands,  with  strings  of  light  yellow,  chert  pebbles, 

subangnlar  and  in  many  cases  showing  casts  of  encriuital  buttons  and  bryozoans 
and  other  sub-Carboniferous  fossils 20  to  25  feet. 

3.  White  and  red,  laminated  clays  of  very  irregular  thickness,  often  discontinu- 

ous   5  feet. 

4.  Firm,  yellowish  sands 12  feet. 

5.  Bed  of  subangnlar,  white  and  yellow  chert  pebbles,  with  sub-Carboniferous  fos- 

sils   - 2|feet. 

d.  Red  clay  in  irregular  beds  or  pockets about  3  to  4  feet. 

7.  Yellowish  white  sands,  with  thin  streaks  of  pebbles 8  feet. 

8.  Bed  day  and  sand I  foot. 

9.  Strongly  cross  bedded,  yellow  sands,  with  thin,  irregnlar  sheets  of  clay  following 

some  of  the  lines  of  false  bedding 35  feet. 

Below  this,  cross  bedded  sands  with  clay  partings  continue  to  the 
lowest  part  of  the  gully,  probably  40  feet  below  the  above  section. 

From  this  place  down  to  Knoxville  nearly  every  hill  reveals  the  ma- 
terialsof  this  formation,  consisting  mainly  of  yellowish  and  reddish,  cross 
bedded  sands,  with  clays  (red  and  purple)  sparingly  interspersed.  The 
section  of  the  gully  above  given  might  be  taken  as  typical  of  the  strata 
exposed  over  this  entire  distance. 

In  places  the  sands  are  cemented, by  iron  into  quite  firm  sandstones, 
wbich  J^re  quarried  for  rou^^h  work.    The  rock  cj^u  be  easily  cut  wheu 
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freshly  ilug,  but  it  soon  Itunleus  ou  exposure.  I  am  strongly  iiicliiiocl 
ko  believe  that  the  rod  miudHtontu)  ami  noiiglomerates  bui-ii  at  Battle's 
Bin,  above  Williford's  LandiriK,  neiir  Havana,  Ac,  are  bedded  roufcs 
DT  this  foruatioD;  at  any  rate  the  constituent  sands  are  of  this  age, 
(rliile  the  iudui'atiou  into  rocks  by  the  ferruginous  aohitions  may  Iiave 
occurred  iu  coniparatively  recent  times. 

A  abort  distance  south  of  Knoxrille  we  lose  sight  entirely  of  the 
red  and  purple  clays  which  have  been  to  us  a  characteristic  of  the  Tus- 
isaloosa  formation,  aiid  begin  to  encounter  the  glauconitic,  cross  bedded 
sands,  laminated  clays,  and  other  niateriitls  which  we  have  classed  with 
^e  Eutaw  formation.  If  we  a.S8time  a  dip  of  30  or  40  feet  to  the  mile, 
Bstimatingfrom  the  width  of  outcrop,  there  will  be  some  900  feet  or  more 
of  the  Tusualoosa  and  300  to  '100  feet  of  the  Eutaw  formation.  In  both, 
teese  materials  have  been  deposited  under  almost  identical  conditions, 
except  that  at  the  base  and  at  the  summit  of  the  Tnacaloosa  fonnntlon 
iTB  find  heavy  beds,  40  feet  or  more  in  thickness,  of  massive  clays  of  red, 
{ttiTplc,  and  greenish  colors,  and  also  sparingly  interspersed  through 
iQie  whole  of  the  formation  are  thinner  beds  of  similar  clay^.  No  hfHn 
of  this  character  have  been  observed  in  what  we  have  called  the  Eutaw 
Ibnnation,  the  only  beds  of  which,  other  than  sands,  are  thin,  laminated, 
l^ny  clays,  with  partings  of  sand. 

'  The  pebbles  of  the  Tuscaloosa  formation  are,  aa  a  rule,  subangular,  of 
obert,  and  in  many  cases  fossiliferous;  those  of  the  Eutaw,  well  rounded, 
of  quartz,  and  non- fossil! ferous,  so  far  iis  our  observations  go.  The 
cross  bedding  of  the  sands  in  the  TiiiiCiloosa  formation  is  much  less 
|iroiiounced  tliau  in  the  Eutaw,  as  if  effected  in  less  rapidly  llowiiit; 
waters.  The  two  foniiatioris  arc  further  alike  in  the  circiunstance  Unit 
their  only  fossils  are  leaf  impressions  and  lignitized  trunks,  the  marine 
fossils  in  the  sands  Just  below  the  llotten  Limestone  characterizing  tlie 
transition  beds  which  have  been  named  "Tonibigbee  Sand  "by  Dr. 
nilgard. 

One  may  well  hesitate  to  separate  very  widely  these  two  formations, 
whoso  strata  were  deposited  eoiilitmously  and  under  very  similar  con- 
ditions and  contiiiirtbo  same  eharaeter  of  fossil  remains,  until  a  thorough 
study  of  the  leaf  impressions  and  other  fossils  shall  have  established 
their  positions  in  the  geoloj;ical  scale.  In  our  southern  post-Tertiary 
IJrift,  our  Eutaw,  and  oiir  Tuscaloosa  formations  nc  have  three  groups 
of  very  similar  strata,  whoso  distinetive  characters  it  is  didieult,  if  not 
impossible,  to  describe  in  words,  since  tlierc  are  cross  bedded  sands  with 
interspersed  sheets  and  beds  of  clay  and  peiiblesin  all  three;  yet  in  the 
field  the  dilVerencos  are  so  easily  recognized  in  the  topograjdiy,  the  tim- 
ber, in  the  color  and  other  qualities  of  the  soils,  Sc.  that  we  are  never 
long  in  doubt  as  to  which  formation  we  have  under  consideration. 

A  few  miles  south  of  the  village  of  Havana  on  the  (Jreensbo rough 
road  begin  the  yellowish  red,  glauconitic,  cross  bedded  sands  of  the 
Eutaw  group,  which  cstetul  down  to  Green sborough, 
(262) 
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Just  north  of  the  first  appearance  of  these  cross  bedded,  glaaconitic 
sands,  near  the  residence  of  Hon.  A.  M.  Avery,  there  are  several  very 
deep  gullies  near  the  road  where  the  upper  beds  of  the  Tuscaloosa  for- 
mation are  beautifully  exposed  (Plate  IX).    These  beds  are  as  follows : 

(&)  Section  tico  miles  80uih  of  Havana,  Hale  County, 

1 .  Red  sarface  loam,  forming  exceedingly  fertile  soil 10  to  15  feet. 

2.  Yellow  sands  and  pebbles,  conformable  iu  stratification  with    the    underlying 

strata 10  to  12  feet. 

3.  Parple  and  pink,  micaceoas,  argillaceoas  sands,  most  beautifully  cross  bedded, 

20  to  30  feet. 

That  these  deposits  lie  very  near  the  summit  of  the  Tuscaloosa  forma- 
tion is  evident  from  the  fact  that  the  cross  bedded,  glauconitic  sands  of 
the  Eutaw  formation  occur  at  the  surface  only  a  very  short  distance  to 
the  southward.  The  red  loam  forming  the  uppermost  of  the  section 
resembles  in  some  degree  the  usual  red  loam  of  much  of  the  southern 
part  of  the  State,  except  that  it  is  of  much  deeper  color  and  apparently 
more  fertile  than  most  of  these  loams.  It  may  be  derived  from  the  dis- 
integration of  the  glauconitic  sands  of  the  Eutaw  formation  or  from  the 
uppermost  of  the  Tuscaloosa  formation.  The  pebble  bed  iN'o.  2  resem- 
bles also  in  some  degree  the  pebble  beds  of  the  Drift,  but  as  it  is  en* 
tirely  conformable  in  stratification  with  the  underlying  beds  (a  circum- 
stance of  rare  occurrence  in  the  Drift)  I  am  inclined  to  consider  this 
bed  also  as  a  part  of  the  Tuscaloosa  formation.  The  sands  No.  3  dififer 
from  anything  which  occurs  in  the  Drift,  and  I  have  seen  the  like  only 
at  one  other  place,  viz,  on  Mulberry  Creek,  in  Autauga  County,  near 
the  residence  of  Hon.  James  W.  Lapsley. 

North  of  Havana  the  underlying  beds  of  this  formation  are  exposed 
in  the  following  order:  At  Havana,  and  appearing  at  intervals  for  sev- 
eral miles  northward,  there  is  a  thick  bed  of  ferruginous  conglomerate, 
best  seen  in  a  ravine  back  of  the  town  of  Havana,  where  it  forms  per- 
pendicular bluffs  ten  to  twelve  feet  in  height  at  the  top  of  the  ravine. 
Large  masses  of  the  rock  have  split  off  from  time  to  time  and  have  rolled 
down  into  the  gorge  below.^  It  has  been  impossible  thus  far  to  deter- 
mine whether  to  refer  this  conglomerate  to  the  Drift  or  to  the  Tusca- 
loosa formation.  Its  great  extent  and  its  persistence  seem  to  favor  the 
supposition  that  it  belongs  to  the  older  formation,  yet  it  is  in  appear- 
ance quite  similar  to  a  conglomerate  of  very  common  occurrence  in  the 

^  Underneath  the  ledge  of  rock  shallow  caves  have  been  washed  out,  and  in  these 
flourish  several  rare  ferns,  especially  Asplenium  ehenoides  Sohw.,  which  was  discovered 
here  by  Miss  Julia  Tutwiler  and  is  interesting  from  the  fact  that  it  is  known  to  occur 
elsewhere  only  along  the  banks  of  the  Schuylkill  Biver.  Besides  this  fern,  there  are 
Camptosorusrhizophyllus or  walking  leaf,  TrichomanesradicanSj  and  Aspedium  marginale. 
The  appearance  of  this  conglomerate  and  the  ferns  growing  in  the  shallow  caves  be- 
neath it  recall  very  forcibly  the  Carboniferous  conglomerate  which  forms  the  surface 
pyer  so  ^at  a  part  of  the  counties  of  Marion  and  Winston, 
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'Drift  everywhere.     1  do  uut  kuow,  bowever,  of  any  similar  Drift  fornijv- 
tioQ  approacbiug  tliia  in  tlie  tliickiieas  of  ttio  rock.' 

Oa  the  south  siile  of  Big  Saniiy  Creek  wo  pet  Jigaiii  a  very  good  sec- 
tiou  of  the  piirjtle  clays  whieh  form  the  lower  luembers  of  the  Tusca- 
loosa formation,  as  follows: 

(c)  StclioK  en  lliij  Saacls  Cnvk,  TiucaJoo<a  Counts, 
,1.  Fnpple  aud  mottleil  olitys  Hko  thoM  nacurring  nt  Stenle'a  BtuIT,  on  the  TuscalooM 

Hivw 30  feet. 

S.  Light  yellow  Hanils,  willi  pe1ible«,  aXso  almilar  %o  thane  teen  at  the  above  natueil 

looality  ami  at  White's  Bluff iaiuir>fcel. 

!3>  Ota,j,  lauiLDBtiMl  cla^,  iacloaingii  ligDitiied  tree  tnial[,at  baaeof  1j]II...4  Id 5  foet. 
Farther  along  the  road  the  thickness  of  the  iinrple  clajs  is  seen  to  be 
at  least  50  feet  and  they  crop  out  along  the  hillsides  for  a  good  many 
miles.  It  is  easy  to  recognize  them  even  without  close  examination, 
^r  wherever  they  come  \a  the  surface  in  the  roails  it  is  necessary  in 
■wet  weather  t*>  lay  down  a  canaeway,  since  the  tenacity  of  the  clay  U 
^•0  great  that  the  road  would  otherwise  be  impassable. 

Aboat  seven  and  a  half  miles  from  Tuscaloosa,  where  the  Greens 
'Jxjrough  road  crosses  Little  Sandy  Creek,  we  get  an  exposure  of  what 
^we  suppose  to  be  still  lower  members  of  the  formation.  This  section 
.jras  first  oinioiQed  iu  1SS4  by  Mr.  Langdon.    It  is  a^  follows: 

r  (it)  Snttiiin  en  £i(lIo  Bands  Crttk,  TiuoalMtn  Couitf. 

X.  Micocffotis,  yellnw  rninilB,  incliirting  n  thin  strpuk  iif  irray,  ligiiilic  clay,  with  email 

piecee  ofliguitic  matter 10  inches. 

3.  Gray,  Inminntuil  clays,  hifihly  niicaceoiiB fi  fcpt. 

lietween  the  two  bninclies  of  Siitidy  Creel;  the  piirplt'  and  iiiottleti 
clays  appear  upon  nearly  every  hillside.  North  of  Little  Sandy  Creek 
we  see  no  more  of  tlie  strata  oT  this  formation  alung  tliis  road. 

In  November,  lS6i,  D.  >V.  Langdoii,  jr.,  nmde  a  study  of  this  forma- 
tion in  liibb  (lounty,  and  in  l.S.S,"),  in  company  with  Mr.  Langdon,  I  es- 
aminetl  its  outcrops  in  the  western  part  of  Autauga  County  ami  the 
adjoining  parts  of  Dallas  and  in  those  parts  of  Uihb  and  Tuscaloosa 
Counties  lying  between  the  towns  of  Tnscaloos:'.  arid  Kandolpb. 

In  the  western  part  of  Autauga  County,  near  the  post  oflice,  Vineton, 
there  are  several  exposures  of  the  ujipcr  beds  of  the  Tuscaloosa  forma- 
tion, shown  in  the  following  sections: 

(e)  Sf<-lion  near  Col.  J.  IF.  tn;wfi/--.  mar  fhiHon,  Anlanja  Cn-<»ls,  A'o.  1, 

1.  StratiKnl  clays  of  whito,  pink,  nml  piirplo  cnlurs,  iinerlainiii!ildi  nilh  thiu  shools 

of  yellow  saiiiis;     Iho  lower  '^  feet   of  this  beil   linve  a  larger  proportion  of 
sanil.t lOJ  feet. 

2.  Gray,  Inminatcil  clays,  with  partiiijiH  of  piirjili;  saniU 5   feet. 

3.  Yellowish  white,  l^iniinatcil  clays,  with  pTirjilo  ami  othi^r  bright  colors  on  the  divid- 

ing plnoos,  ."i  feet  showing ;  but  tho  same  lieils  oppe.ir  to  roiitinuo  down  the  hill 

for  at  least  10  ftot  farther lo  feel. 

I  ,A  careful  comparison  of  tho  [lebblcs  should  lie  niadc, 
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At  another  locality  near  Colonel  Lapsley's,  in  a  gaily,  we  see  the  fol- 
lowing section : 

(/)  Section  near  Col,  J,  W.  Lapeley^e,  2io,  2. 

1.  Yellowish  sauds,  beautifully  cross  bedded 4  foot. 

2.  White  antl  pink  clays,  in terbedded  with  yellow  sands 10  feet. 

Along  the  road  leading  from  Colonel  Lapsley's  to  the  railroad  sta- 
tion (Jones's  switch),  we  get  another  section  of  the  strata  represented 
in  the  first  section  above,  together  with  some  underlying  beds.  In  the 
upper  part,  these  beds,  being  exposed  along  a  road,  are  much  stained, 
so  that  it  is  impossible  to  correlate  them,  foot  by  foot,  with  those  ex- 
posed in  Section  1,  although  they  have  about  the^same  altitude  and 
are  distant  from  each  other  only  about  half  a  mile. 

Below  some  40  or  50  feet  of  red  loam  containing  fragments  and 
bowlders  of  ferruginous  sandstone,  such  as  characterizes  the  Drift  for- 
mation we  get  the  following  section  : 

{g)  Section  near  Col,  J,  W,  Lapsley^B,  No,  3. 

1.  Pnrple  clays,  intorbedded  with  reddisli  sands 6  feet. 

2.  Mottled  (red  and  yellow),  sandy  clays,  partly  obscured  by  overlying  drift,  pebbles, 

and  sands 12  feet. 

3.  Red  sands,  containing  small,  lenticnlar  bits  of  yellow  clay 5  feet. 

4.  White  and  yellow  laminated  clays 6  to  8  feet. 

5.  Strata  not  seen 10  to  15  feet. 

6.  Variegated,  micaceoas,  and  slightly  argillaceous  sands,  strongly  cross  bedded; 

colors,  bright  and  sharply  defined,  pink,  dark  purple,  yellow,  and  red.. 5  to  6  feet. 

The  strata  of  bed  No.  6  are  identical  in  appearance  and  in  composi- 
tion with  the  variegated  sands  exposed  in  the  gullies  at  Mr.  Avery's, 
near  Havana,  in  Hale  County,  above  described.  I  did  not  notice  here 
the  yellow  sands  with  pebbles  immediately  over  the  variegated  sands, 
but  they  may  have  been  in  the  division  No.  5,  here  obscured  by  sur- 
face materials. 

Across  a  small  ravine  from  this  section,  the  yellow  sandy  clays  have 
been  washed  for  yellow  ocher,  the  beds  occupying  about  the  same  posi- 
tion as  Nos.  2,  3,  and  4  of  the  preceding : 

{h)  Section  at  the  ocher  hedSf  near  Vineton, 

1.  Yellowish  red,  cross  bedded  sands,  inclosing  thin  streaks  of  pnrple  clay 6  feet. 

2.  YeUow,  sandy  clay,  from  which  the  ocher  is  obtained 16  feet. 

The  sand  makes  about  80  per  cent,  of  the  above  bed,  and  the  ocher 
is  obtained  from  it  by  washing.  The  ocher  is  of  excellent  quality  and 
of  bright  yellow  color. 

Nearly  100  feet  below  the  lowest  of  the  beds  of  Section  3  we  see  in 
the  banks  of  Mulberry  Creek,  just  below  the  iron  bridge,  the  following 
section : 

(t)  Section  on  Mulberry  Creek,  near  Vinetonf  Autauga  County, 

1.  Mottled,  purple  clays,  similar  to  those  at  Steele's  Bluff,  on  Tuscaloosa  Biyer.5  feet. 

2.  YeUow,  cross  bedded  sands 3  feet. 

3.  Mottled  clays,  sandy  below 5  feet. 

4.  Qrsyish  white,  micaceous  sands,  with  irregular  patches  of  red  and  yellow  col- 

ors    - 4  feet  to  waitQ.^% 

Bull.  43 S  (2G5) 
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This  wliolt*  section  is  itleiitioal  in  aiijiearance  with  that  seen  at  White's 
BlDff  ami  at  Steele's  Blu^ 

From  ViiiL'tou  up  to  Randoliih  very  little  can  be  seen  of  the  strata 
of  the  TuswilooBa  fnrmatioii  nnlil  williin  thrpe  miles  of  the  latter  place, 
where  tho  dark  purplish  gray  ctajs,  which  acein  to  lie  near  the  base  «f 
the  formation,  are  encountered.  These  clays  are  undiatiiiguishable  from 
those  above  described  between  the  two  branches  of  Sandy  Creek  in 
Tascaloosa  County. 

Betweeu  Randolph  and  Ceiitrevillc  we  get  several  very  goo»l  Rectinim 
of  the  beds  under  consideration,  as  follows  : 

(j)  StclioKal  Soap  Bitl,  7  tniVc.  eael  of  r««traiUe,  liiM  Canxtg. 
1.  Porple,  luuUlvtl  day*  at  Haaimit  of  hill AfccL 

5.  Clayey  sands  ill  wvotal  loilgw.. 10 feet. 

3.  Crosa  bcddPiliyelluivlBli  aud  whltiiilisaudH,  tnversedat  intorfiilBliy  IcdgMnfaiind- 

sIoHA  formed  bj  tlio  iuiluritliuu  of  tbi<  urom  budded  aande 30  fMt. 

Tbo  Uiloki-st  o(  tbo  nbavo  enudMtuuo  ludgcii  \a  nbont  3  fuet, 

4.  Lam iDBtod,  gray  clnya,  witli  partings  of  aaiid .lOfael. 

6,  Altornatiuna  of  laiuinatod,  gray  oliiya  mid  crosa  bnddod  anade  ia  b«da  of  12  to  tS 

iacbcB  thicknoaa - - *0  teet. 

B,  Yellon'iali.croMi  tioddfil  auods,  mth  clay  partinsa Sfl  tetit. 

1.  Laminntod,  gray,  aaudy  clays.coatiuiiiaKa  few  leaf  Impreasinna,  -which  are,  how- 
ever, Diit  distinel  enoii);!)  asaralo  tn|>criuit  porfAct  ideutillcaUoD..10  to  15  fMt. 

8.  Qrayiih  Kliite  BUiids 8  fwt. 

In  this  Beclioii  the  tlr^t  three  members  are  best  seen  on  the  easteni 
slo'ie  of  the  hill  aiirl  N'os.  T  :ind  S  in  a  gully  on  the  eastern  side  of 
the  hill.  The  interveiiiiij;  members  are  most  clearly  exposed  on  the 
western  dcseciit  iil'tlii'  hill,  nearly  a  mile  from  the  first  locality. 

lieiwi'en  fmir  iiud  live  miles  east  of  C'entreville  a  part  of  the  preced- 
ing .section  is  rcpiaU'il. 

((.■)  .•■■,<■(;»-  I  /.^r,  ,„;(,«  e.i.-(o/  tei:lye«IW,  Ilihh  Co.inly. 

1.  Gray  mid  rcddisli,  wniiiv  .■1;ijh 15  fftl, 

a.  LedBi-of«iiidsloiir«li..«iiiKi'nm  Invldiii;; * H  fwl. 

;[.   Wliirisli9ai.i!s:iii.ltl:i,vs 4  f.^el. 

4.  S.-:.rl.v  whit",  it-.s.^li.'dd.'dHiHi.lH y-.  tc.:iOfp.T. 

The  hill  in  the  easlerii  part  of  the  tow u  of  Cent reville  contains  a  good 
deal  of  reddish,  mollled  days,  probably  of  this  formation.  These  clays 
may  lie  seen  a};aiii  al)oiit  half  way  between  Centreville  anil  Seottsviile, 
where  tbev  appear  to  overlie  the  .-strata  of  the  Lower  Silurian  and  Car- 
boniferons  fonnatiou.  lletween  Scott.ivillc  and  Tuscaloosa  these  beds 
arc  seen  at  several  localities. 

About  twelve  miles  east  of  Tuscaloosa  the  grayish  purple  clays  similar 

to  those  described  between  the  two  blanches  of  Sandy  Creek  appear  in 

many  places  along  the  slojies  of  hills  where  they  arc  laid  bare  by  the  road. 

(0  .v.t/iV.«  in  iHilei  ffldi  «/  Uf-aloona. 

1,  Ferniginoiis  Haiidstinii!  in  hIk-i-Is CloH  iucLi's. 

a.  V.ini-jEiili-d,  'lay.-y  sjiiids  liuldiiiK  sncill  i.iccfs  nf  iiiir[>le  clay.     Tlic  sands  «ho« 
^     chocidati',  i)iir|ilr>,  ltd,  and  vcIIdw  colurs (i  toSfw't. 


• 


^^JJwnT  TUSCALOOSA   STRATA,  MISSISSIPPI.  115 

3.  Purple  clays,  with  partings  of  sand;  similar  to  the  parjile  clays  soath  of  Tusca- 

loosa   10  feet. 

4.  Ledge  of  ferruginous  sandstone 1  foot  or  more. 

5.  Laminated,  gray  and  yellow,  sandy  clays  or  clayey  sands,  yellow  at  top  and  shading 

into  gray  at  bottom , 6  to  8  feet. 

6.  Lignite,  withpyrite  nodules 2  to  6  inches. 

7.  Dark  gray,  somewhat  massive  clays,  becoming  lighter  below 6  to  8  feet. 

8.  Strata  obscured  by  washings  from  above 20  feet. 

9.  Purple  clays  at  base  of  hill...  .^ undetermined. 

In  some  places  near  this,  five  feet  of  purple  clays  are  seen  overlying 
Ko.  1  of  the  section. 

Aboat  nine  miles  east  of  Tascaloosa  aboat  30  to  40  feet  thickness  of 
purple  clays  is  seen  along  a  hillside.  In  these  clays  there  are  two  ledges 
of  ferruginous  sandstone  or,  perhaps  more  properly  speaking,  of  sandy 
iron  ore.  The  clays  are  a  mixture  of  purple  and  yellow  and  appear  to 
form  the  lower  strata  of  the  hill  for  20  or  30  feet  below  those  above  de- 
scribed. The  iron  ore  which  covers  so  much  of  the  slope  of  this  hill 
is  somewhat  sandy,  occasionally  quite  pure  and  compact,  giving  a  red 
streak.    It  differs  very  materially  from  the  usual  limonite  of  the  valleys. 

At  the  Box  Spring,  about  five  miles  east  of  Tuscaloosa,  the  railroad 
cut  exposes  6  to  8  feet  of  laminated,  gray  clays  marked  with  purple 
streaks.  Immediately  above  these  is  a  very  persistent  ledge  of  ferrugin- 
ous sandstone  and  over  that  10  or  12  feet  of  drift  and  loam  of  recent 
date. 

About  four  miles  east  of  Tuscaloosa  we  see  the  summit  of  a  rounded 
mass  of  the  strata  of  this  formation,  consisting  of  2  or  3  feet  of  purple, 
gray,  and  variegated,  laminated  clays,  underlaid  by  about  the  same 
thickness  of  cross  bedded  sands.  This  exposure  lies  plainly  unconforma- 
bly  embedded  in  the  red  loam  of  the  Drift. 

4.   OBSERVATIONS  IN  MISSISSIPPI. 

In  1884  Mr.  Johnson,  on  his  reconnaissance  of  Tishomingo  and  Ita- 
wamba Gounties,'in  Mississippi,  saw  beds  of  lignite  and  tough,  laminated 
clays  which  he,  at  the  time,  referred  to  a  formation  below  the  Eutaw 
(our  Tuscaloosa).  This  lignite  was  traced  by  him  the  whole  length  of 
Beed's  Creek  (between  the  Tombigbee  at  Fulton  and  Bull  Mountain 
Creek).  At  several  localities,  viz,  at  Maxey's  Old  Mill,  Sec.  9,  T.  10  S., 
B.  9  E.,  he  collected  many  fine  leaf  impressions.  The  lignite  hero  was 
two  feet  thick.  At  Beed's  Mill  and  at  Chancy 's.  Sees.  20  and  17,  in  T- 
10  S.,  B.  9  E.,  many  phy togene  fossils  were  collected,  and  these  localities 
were  remarkable  for  the  fine,  jet-like  appearance  of  the  lignite.  A  jet  of 
ibis  kind  was  also  found  by  Mr.  Langdon  in  Centreville,  Bibb  County, 
Alabama.  At  Barnard's  Bluff  on  the  Tombigbee,  the  lignite  appears 
again  embedded  in  characteristic  clan's  of  the  Tuscaloosa  formation. 

Mr.  Johnson  also  calls  attention  to  the  gravel  beds  which  occur  in  this 
part  of  Mississippi,  and  which,  according  to  my  observations,  have 
(beir  eoanterpart  in  Marion,  Colbert,  and  Franklin  Counties,  Alabama, 

(267) 
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The  iiiftterials  of  tlieso  gravel  beds  are  mostly  cherty.  siibangular,  ami 
quite  diflurent  from  the  usual  quartz  pebbles  of  tbe  Drift.  Assooialetl 
with  these  are  tbe  bo  called  kiiolin  beds  and  tbe  deiiosits  of  pulvenilcot 
silica.  The  pebbles  aa  well  as  the  silica  are  evidently  derivetl  for  the 
most  part,  if  not  entirely,  from  the  foasiliferous  chert  of  tbe  sub-Car- 
boniferous fonnation  of  that  region.  Mr.  Johnson  expresses  tbe  opinion 
that  these  pebble  beds  of  chert  underlie  the  newer,  etratified,  glacial 
drift  deimsits  without  beiug  a  part  of  the  same.  Wherever  tbe  pebble 
beds  occur  in  tbe  Cretaceous  or  sub-Cretaceoua  clays  of  Tishomingo  and 
Itawamba  Gouuties,  in  Mississippi,  there  is  a  prevalence  of  these  clierty 
characteristics.  In  this  counectiou  we  may  also  refer  to  the  fact  that 
tbe  pebbles  seen  in  the  Tuscaloosa  sands  at  White's  Bliiffand  at  St*^e]e's 
lilulF  on  tbe  Tuscaloosa  were  of  ohert  and  not  of  quartz. 


IV.  SUMMARY  OF  THE  LEADING  FEATURES  OF  THE  CRETACEOUS 
STRATA  OF  ALABAMA.  (PLATE  XXI.) 

Under  this  heading,  while  making  a  distinction  bt^tweeu-the  two,  no 
include  both  tbe  strata  of  undoubted  Cretaceous  age  and  those  of  as 
yet  undetermined  but  probably  Cretaci-oua  age. 

CEETACEOUS  STRATA. 

The  whole  thickness  of  unquestioned  Cretaceous  rocks  in  tho  west- 
ern part  of  Alabama,  according  to  our  measurements  and  estimates,  is 
between  1,-j.)0  and  l,;"i7.J  fwt,  and  tbe  group  has  been  divide*!  into  throe 

fiirriiiitioiis,  wliicli  ;ins  (1)  tbe  Kipley,  (li)  the  Rotten  Limestone,  and  (3) 
tlie  iMitiuv. 

1.  The  Kiiihj!  fi'i-miitiint. — We  ciuiiiot  give  the  absolute  thickness  of 
this  forinution,  but  it  will  in  a!l  probability  fall  between  S.W  and  1275  feet. 
Tlie  strata  aro,  lii-.-it,.jj  to  CO Icct  of  yellow  sands,'  in  some  localities  con- 
tainlDg  many  Cretaceous  shells,  followed  by  lUO  feet  of  dark  gray, 
nearly  black,  micaceous,  .sandy  clays  or  clayey  .sands,  traversed  by  lianl 
ledges  of  similar  nlal(^rials,  and,  along  the  two  rivers  at  least,  not  pro- 
lilies  of  fossil  remains,  Tbcii  Jill  to  0.1  feet  of  bhiisli,  argilbiceons  Iriue- 
stoiies,  wilb  j;ieat  nuriiber:<  of  Cretaceous  lossils,  which  are,  however, 
mostly  ill  the  form  i)r  casts  antl  f;enerally  pbosjibatic.  BeloM-  this, 
again,  a  mass  of  sands  (G()  feet  or  uioie)  of  various  colors,  with  iii<hi 
rated  bands  of  Naudsloiic  running  tbron^h  tl. 

'2.  The  Il'itiii)  Limenloiic. — In  this  wc  have  the  most  massive  of  IIli> 
calcareous  foi'iiialionsof  Alaliaiua,  oatside  of  the  Paleozoic.  The  thick- 
ness is  about  ], (1(1(1  feet,  and  tliere  is  siirpriaiiig  uniformity  in  tbe  mate- 
rial, wliicb  is  au  impure,  argillaceous  limestone,  merging  in  places  intu 
a  calcareous  clay,     Wliero  tbe  clay  predoiiuiiates,  we  usually  find  the 

'  Wr  U:iv..  riT-iilly  Inioiil  citichisivs  ei.-i(l.>ii™  tliat  tim  ,v.'llo«-  s.iii.ls  ara  inwely  s 
t  Bludiliciltinii  in-i>iluui.-il  liy  osiil.-itUm  i>f  Mii"  ;;r:i.v  «;nidy  cliiya  iii^xt  bolow.  —  B.  A.  S. 
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greatest  abandance  and  variety  of  fossils.  The  strata  of  the  Botten 
Limestoue  form  the  bluffs  along  great  stretches  of  both  rivers. 

3.  The  Eutaw  formation. — ^This  formation  has  a  thickness  of  not  less 
than  300  feet.  At  the  base  of  the  Botten  Limestone  we  find  some  20  to 
25  feet  of  calcareoas  sands  and  greensands,  in  part  strongly  phos- 
phatic,  containing  a  large  mamber  of  fossils,  many  of  which  are  in  the 
form  of  phosphatized  casts.  This  bed  forms  a  transition  between  this 
and  the  next  succeeding  formation.  We  place  it  with  the  Eutaw  forma- 
tion for  the  sake  of  convenience,  Vith  the  remark  that  an  examination 
of  the  fossils  may  hereafter  show  that  it  is  more  closely  related  to  the 
Rotten  Limestone. 

Below  these  phosphatic  sands  are  yellowish,  cross  bedded  sands,  40  to 
50  feet,  and  laminated,  blue  clays  alternating  with  glauconitic  sands  for 
40  feet  more.  The  rest  of  the  strata,  to  the  base  of  this  division,  con- 
sist of  laminated  and  cross  bedded  sands  and  laminated  clays  in  many 
alternations, interbedded  at  intervals  with  lignitic  strata  consisting  of 
lignitized  twigs  and  trunks  of  trees,  but  not,  so  far  as  yet  known,  of 
beds  of  lignite.  With  these  are  one  or  two  thin  beds  of  pebbles.  As 
before  stated,  the  exact  thickness  cannot  be  given. 

STRATA  OP  UNDETERMINED  AGE,  PROBABLY  CRETACEOUS. 

Tlie  Tuscaloosa  formation. — Below  the  lowermost  of  the  undoubtedly 
Cretaceous  beds  is  found  a  great  thickness  of  clays  and  sands  of  as 
yet  undetermined  age.  These  appear  at  intervals  along  the  banks  of 
the  Tuscaloosa  or  Warrior  Biver  from  Big  Log  Shoals  up  to  the  city  of 
Tuscaloosa.  Assuming  a  uniform  dip  of  some  40  feet  to  tho  mile,  the 
thickness  of  this  formation  will  be  about  1,000  feet.  We  cannot  as  yet 
give  the  order  of  succession  of  the  various  strata,  which  are  mottled, 
purple,  and  gray  clays,  yellowish  and  gray  sands,  pink  and  light  pur- 
pie  sands,  and  thinly  laminated,  dark  gray  clays,  which  contain  impres- 
sions of  leaves  in  considerable  numbers  and  sometimes  in  a  state  of 
preservation  perfect  as  to  form  and  markings. 

V.  UNDULATIONS  AND   FAULTS   IN    THE  TERTIARY  AND   GRETA- 

CEOUS  STRATA  OF  ALABAMA. 

TERTIARY  STRATA. 

The  average  seaward  dip  of  the  Tertiary  strata  of  Alabama  is  about 
twenty-five  or  thirty  feet  to  the  mile,  but  there  is  at  many  points  a  wide 
departure  from  this  uniformity.  Professor  Tuomey  appears  to  have 
been  the  first  to  direct  attention  to  this  circumstance.  In  speaking  of 
the  Buhrstone  at  the  Lower  Salt  Works,  in  Clarke  County,  he  remarks: 

We  have  here,  then,  an  interesting  example  of  the  sinking  of  strata  below  tbo  sur- 
face and  of  their  rising  again.  The  hods  exposed  at  Bakcr^s  lUuff,  and  still  higher  on 
the  river,  as  well  as  on  Bash i  Creek,  after  being  depressed  beneath  Saint  Stephens 
and  a  portion  of  Clarke  County,  make  their  appearance  again  at  this  locality,  and 
probably  still  farther  west.^ 

»  First  Bicu.  Rep.  Geol.  Ala.,  p.  150,  tViStt. 
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As  intiinnted  in  anotlipr  part  of  the  pnsseat  pubticJitiun,  tbeMOb- 
servAlions  of  Profeiwor  Taomey  were  confirmed  by  na  io  1S£},  and  n; 
sabseqaeDt  in  rest  i  gat  ions  bare  farther  shovD  tbe  existence  of  nore 
Iban  one  well  marke4  foltl  in  Ih?  strata  of  tliia  part  of  the  State. 

On  another  page  we  hare  said  that  the  Babralooe  rocks  which  lUp 
below  tbe  snrface  a  short  diatance  soath  of  Woo<l'a  Blaff,  in  CUriie 
County,  rise  a^in  at  Qatcbetigbee  Blaff  and  at  Jackson,  uid  from  tliii 
plaice  an  almost  continuous  outcrop  nf  these  roeka  may  b»  followed 
Koutbward  as  far  a^  the  Lower  Salt'Works.  Tkese  points  appear  Io 
mark  tbv  xummita  of  at  least  two  distinct  aaticUne«.  and  a  third  b 
marked  by  I^wcr  Peach  Tree,  on  the  Alaliama  Rirer,  while  the  aneqttil 
aurface  diiitribntion  of  tbo  beds  of  tbe  Lignitic  formation,  lying  to  die 
northward  of  tbe  localities  attove  named,  leadsone  to  snspect  tbeflx- 
isteuoe  of  ecrRral  other  folds,  notably  one  involving  the  black  clays  (rf 
the  Black  Bluff  gronp  along  the  Tombigbee  River,  another  conceming 
tbe  Orgphaia  tkina  bi-ds  in  tbe  eeotral  part  of  Tilarengo  County  andii 
the  Orajupian  Uilbi  region  of  Wilcox  County. 

We  have  determined  approxim^ately  the  limits  of  tbe  HatchetigbM 
auticliiial  and  of  the  Lower  Peach  Tre«  fold  and  it^  associated  fanltin 
the  immediate  vicinity  of  the  Alabama  ifiver.  Wo  have  also  followed 
a  line  of  uplift  from  near  Jackson  down  to  the  Lower  Salt  Works  io 
Clarke  County.  In  what  follows  wo  give  some  details  of  the  observa- 
tions on  which  oar  knowledge  of  these  nnrtnlatJons  is  based  and  we 
also  ;ij)j(C[i'l  :i  ff«'  ii"Ies  ciiiu'erniu^  tin.'  Irregiilarilies  iu  tlie  surface  dis- 
triliutinii  of  till'  Itiibrstune  and  tbe  auderlyiug  bedii  of  tbe  Lignitic  to 
MiniriK'  aiLii  (.'oTn-i:iili  Comities. 


In  a!*eoii<]iii|.'  tlic  Alabama  Rivt-r  we  find  l\u\  Wooil's  Bluff  marl  at  tlie 
water  level  at  .Jolnisoii's  wood  yard,  a  few  miles  below  Bell's  Laudiof:. 
At  tlie  latter  loeality  a  iriail  bed,  which  is  abont  ll.">  to  1120  feet  beloff 
tbe  \Voo.rs  lihill  iiLarl,  an.l  wliieli  we  liave  called  tbe  Bell's  Landing 
mar),  is  mnw  -'t  or  ;!ii  feet  above  water  level.  Nine  miles  farther  up 
the  river,  at  Lower  I'eacli  Tree,  tbis  bed  is  100  feet  above  water  level, 
while  at  Yellow  liltilV,  Keveral  miles  still  farther  ti  p  tbe  river,  it  is  seen 
within  HI  feet  of  water  level,  and  tbe  Wood's  BInlV  marl  appears  about 
l]'i  or  l-'O  feet  above  it  on  tbe  hillside  immediately  back  of  tbe  river 
bill  II". 

Above  Yellow  Bluff  the  river  makes  a  bend  towards  the  sonthea.st, 
so  that  the  Wood's  lilutf  marl  is  not  seen  again  along  its  banks  in  this 
direction  ;  at  lielliel,  however,  a  few  miles  west  of  Yellow  Blnfl',  we  see 
the  Wood's  Bluff  marl  and  tbe  (Jrypktva  tliirsir  beds,  which  are  separated 
by  ^J^'^'^ftP  *"*'  probably  by  over  300  feet  uf  strata,  coming  to  the 
^\  half  a  mile  of  eaeli  other  and  not  more  than  120  feet 
■y  apart.  This  disposition  of  things  ajipears  to  show  that 
r  Bethel  there  is  either  a  very  abrupt  change  in  the  angle 
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Of  dip  uf  the  strata  or  a  stratigraphic  break.  I  have  (examined  the 
l^uiid  very  carefully  on  several  occasions,  and  have  failed  to  see  any 
evidence  of  high  angle  of  dip,  but,  on  the  contrary,  have  obtained  the 
clearest  evidence  of  the  existence  of  a  fault  of  nearly  LHK)  feet  vertical 
displacement,  traced  from  Bethel  across  the  river  to  Bhick's  Blufif,  and 
it  probably  extends  much  farther  in  each  direction  from  these  limits. 
We  shall  call  this  the  Bethel  fault  and  give  below  some  details  of  its 
occurrence. 

TKe  Ijoxcer  Peach  Tree  /oW.— The  geographic  limits  of  the  Lower 
Peach  Tree  fold,  so  fsir  as  we  have  determined  them,  have  been  iixed 
by  the  following  data :  Across  Choctaw  County,  the  \yood's  Bluff  marl 
occupies  a  narrow  strip  of  surface  ]  at  Wood's  Bluff,  on  the  Tombigbee^ 
and  at  Cade's  Bend,  a  mile  or  two  above,  it  appears  at  the  water  level, 
showing  a  nearly  horizontal  position.    This  may  be  the  beginning  of 
the  fold,  which,  beyond  Choctaw  Corner,  eastward,  broadens  out  till  at 
the  Alabama  Kiver  it  spreads  over  an  expanse,  north  and  south,  of  10 
miles  or  more.    In  the  vicinity  of  the  river,  however,  its  occupation  of 
the  surface  is  not  continuous,  but  the  underlying  beds  of  the  Bell's 
Landing  series  come  in  and  make  the  intervening  country  between  its 
two  exposures,  the  one  south  of  Low^er  Peach  Tree,  the  other  in  the 
vicinity  of  Bethel  and  Yellow  Bluff.    In  its  longer  dimension,  there- 
fore, this  fold  appears  to  rise  about  the  Tonibigbee  liiver  near  WooiVs 
Bloff  and  to  extend  with  constantly  increasing  elevation  to  the  Ala- 
bama Biver,  Lower  Peach  Tree  occupying  the  summit  of  the  roll,  which 
has  its  widest  cross  section  along  the  Alabama  liiver.    Eastward  from 
this  river,  I  have  followed,  with  the  excei^tion  noted  below,  a  single 
oatcrop  only  of  the  Wood's  BIuiF  marl  across  Monroe  County  along 
the  course  of  Flat  Creek,  and  this  is  the  continuation  of  the  lover  of 
the  two  outcrops  of  the  bed  above  spoken  of,  as  exhibited  in  Wilcox 
Coauty  west  of  the  river  and  south  of  Lower  Peach  Tree,  while,  of  me 
northern  or  Bethel  outcrop,  I  have  seen  only  one  occurrence  ciist  of  the 
river,  viz,  near  Black's  Bluff*.    This  is  no  doubt  in  great  measure  due  to 
the  fBCl  that  there  is  on  the  eastern  side  of  the  river,  opposite  Yellow 
Bloff,  a  ^ood  deal  of  low  country  from  which  the  older  strata  have  been 
removed  by  denudation. 

This  fold  involves,  so  far  as  concerns  their  surface  outcrop,  the  Bell's 
Landing,  the  Wood's  Bluff',  and  the  Ilatchetigbee  series  of  the  Lig- 
nilie,  for  the  clays  of  the  latter  series  are  to  bo  seen  overlying  the 
Wood's  Blnff  marl  in  the  hills  west  of  Yellow  Bluff*.  1  have  not  seen 
aiiy  evidence  either  of  the  broadening  or  of  the  duplication,  by  reason 
of  Uusfidd,  of  the  oatcrops  of  the  Buhrstono  rocks  which  immediately 
overlie  the  Hatchetigbee  beds. 

Tosammarice,  we  can  trace  this  anticline  in  the  direction  of  its  axis 
from  Woodti  Bluff,  on  the  Tombigbeo  River,  across  Clarke  County,  to 
the  Aioiiynd  Biver,  where  it  has  its  greatest  elevation  and  its  hroadart 
ctoM  notion ;  b^ond  the  river,  eastward,  we  have 
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Block's  Bluff.  The  iiortbcrn  limit  of  tlis  fold,  in  tbe  vicinity  of  Bctliel, 
is  a  fiuilt  of  at  least  ^00  foot  displacement,  leugtL  not  ascertained,  al- 
ready meiitioiied  above. 

The  Bethel  fault. — To  obtain  a  clear  idea  of  tbis  fault  it  is  necessary 
to  recall  tbe  Btratigrapbic  relations  of  tbe  several  subdirisions  of  tbe 
Liguitic  which  it  involves.  Tbo  Wood's  Blutl'  marl,  with  its  indurnteil 
limestone  bowlders  and  its  characteristic  fossila,  is  our  best  landmark. 
Ahove  this  marl  lie  tbo  sandy  eiays  of  tbe  Halcbetigbee  section,  175 
feet  in  tbickncss.  These  latter  beds  are  only  slightly  concerned  iii  tbe 
fhult.  Below  tho  Wood's  Bluff  marl  we  have  about  120  feet  of  samly 
clays  and  clayey  sands,  the  uitper  7u  feet  of  which  hold  several  beds  of 
lignite,  antl  then  auotber  marl  bed,  tho  Bell's  Landing  marl.  Belov 
this  mar)  we  have  at  Lower  Poach  Tree  abont  100  feet  of  gray  sandy 
clays  containing  two  marl  beds  (Gregg's  Landing  marl  being  the  upper 
of  tbe  two).  In  these  sections,  therefore,  we  have  over  400  feet  of 
strata,  tbe  exact  relations  of  wliicb  are  cleivrly  seen  at  Yellow  Bluff  ami 
at  Lower  Peacb  Tree. 

The  14'anafalia  section  consists  at  top  of  oO  feet  ormoro  of  gray,  sandy 
clays,  showing  a  giitat  tendency  to  indurate  into  hard  rocks,  resembling 
tbe  Bahrstone,to  which,  for  convenience,  I  give  tbo  name iJKCudo-fiitfcr- 
ttone.  Below  the  psendo-Bubrstono  are  at  least  SO  feet  of  sandy  strata, 
<djaracterized  by  the  presence  of  Qeyphma  thirscB,  and  below  these  stiU, 
abont  70  feet  of  cross  bedded,  glaaconitic  sands,  with  a  few  obscure  foa- 
sils  in  the  npin'r  part,  and  a  bed  of  lignitf-,  from  four  to  seven  feet  iu 
thickness,  near  the  base.  As  we  have  already  intimated  several  times, 
we  have  seen  no  exposures  which  exhibit  both  tlie  Lower  I'eacb  Tree 
beds  and  the  iiKcudo-liiihrstoiu',  so  that  it  lias  been  thus  far  impossible 
to  determine  tbo  dimensions  of  the  gap  between  the  base  of  the  Bell's 
Landing  {at  Lower  I'ciieh  Tree)  and  the  summit  of  the  Nanafalia  sec- 
tion (at  Gnllette's  Landing) ;  and  the  Bethel  fault,  coming  as  it  does 
exactly  at  this  place  in  our  geological  scale,  serves  to  complicate  nla^ 
ters  still  more.  In  esliriiatiTii,'  the  vertic.d  <Ii8placement  caused  by  tbe 
fault,  theio  is  always  the  unknown  quantity  embiaeed  in  this  gap  to 
be  considered,  and  our  estimates  are  to  be  taken  as  exclusive  of  this 
unknown  ijaantity. 

Followin;^  me  fjiven  soujo  details  concerning  tlie  fault.  At  BetbcJ, 
SW.  J  of  Sec.  ;i;j,  T.  12  N.,  1!.  5  E.,  the  Woo.l's  Bluff  marl  occupies 
the  suuMuit  of  Die  hills,  and  about  half  a  uiilo  norib  we  find  the 
Oryplia-it  titirstv  lu-ds.  The  Wood's  Bluff  marl  may  also  be  seen  on  most 
of  the  hdls  between  Bethel  and  Yellow  Bluff  and  at  tbe  latter  place, 
and  a  line  drawn  from  Itelliel  to  Y'ellow  Bluff  will  just  about  define  the 
limit  (»f  the  uiarl  towards  the  east.  As  we  descend  towards  tbe  east 
froni  any  of  tlii'se  hills,  capped  with  the  Wood's  Bluff  marl,  we  come  di- 
rectly, and  usuaUy  within  50  feet  vertical  distance,  upon  the  pseudo- 
Buhrstoue,  and  'iO  or  70  feet  below  that  upon  greensands  holding  Gry- 
jl^fl^thirifcc.    Near  Bethel  towards  the  southeast  then  tho  fault  brings 


^HMsoiJI']        BETHEL   FAULT HATCIIETIGBEE   ANTICLINE.  121 

togetlier,  or  rather  within  60  feet  of  each  other,  the  Wood's  Bluff  marl  and 
the  pseudo-Buhrstone,  a  displacement,  taking  no  account  of  the  gap  be- 
tween the  Bell's  Landing  and  Nanafalia  sections,  of  more  than  150  feet. 
At  Yellow  Bluff,  as  we  have  seen  in  foregoing  pages,  there  are  exposed 
all  the  strata  from  the  Wood's  Bluff  down  to  the  Bell's  Landing  marl. 
Up  the  river,  within  half  a  mile  of  the  landing,  this  marl  dips  below  the 
water  level.  Less  than  half  a  mile  farther  up  the  river,  beds  of  Oryphcea 
thirscB  appear  in  the  left  bank.  Here  some  of  the  beds  overlying  the 
Bell's  Landing  marl  are  brought  together  with  Gryphwa  thirsce  beds,  a 
displacement,  as  before,  of  175  feet  or  more.  Again,  across  the  river,  on 
the  plantation  of  Mr.  James  Tait,  Sec.  24,  T.  11  N.,  R.  G  E.,  near  Black's 
Bluff*,  we  find  the  Wood's  Bluff  marl  forming  the  second  bluff,  about  100 
yards  from  the  river,  while  the  lower  beds  of  OrypJuca  thirsw  marl,  Nos. 
10, 11,  and  12  of  the  Gullette's  Bluff  section,  make  the  immediate  bank 
of  the  river.  In  this  case  the  strata  between  Wood's  Bluff  and  Bell's 
Landing  marls  (120  feet),  those  below  the  Bell's  Landing  marl  at  Lower 
Peach  Tree  (100  feet),  the  pseudo-Buhrstone  (50  feet  or  more),  and  about 
30  or  40  feet  of  the  Oryphcea  thirsce  beds  have  been  engulfed,  a  displace, 
ment  of  not  less  than  300  feet,  leaving  out  of  account,  as  before,  the  gap 
mentioned.  We  have  traced  the  fault  from  Bethel  to  Black's  Bluff,  a  dis- 
tance of  10  miles  or  more.  Eastward  from  Black's  Bluff*,  near  where  the 
Camden  road  crosses  Gravel  Creek,  on  Yankee  Branch,  a  thick  bed  of 
lignite  (4  feet  or  more)  occurs  immediately  and  to  all  appearances  con- 
formably  below  beds  of  Oryphcea  ihirsce.  The  Coal  Bluff  lignite  has 
above  it  some  60  feet  or  more  of  glauconitic  sands,  separating  it  from  the 
Oryphcea  thirsw  heds^'so  that  this  contact  of  two  unusually  widely  sepa- 
rated beds  (if  this  be  the  Coal  Bluff  lignite)  could  only  be  brought  about 
by  some  kind  of  displacement.  And  lastly,  at  Black's  Bluff  we  have  a 
thick  bed  of  lignite  in  contact  with  the  Oryphcea  thirsw  beds.  From  its 
close  proximity  to  the  Wood's  Bluff  marl  (at  the  line  of  fault  above  de- 
scribed), one  would  be  inclined  to  consider  this  as  one  of  the  lignites 
of  the  Wood's  Bluff  series  but  for  its  thickness.  The  certain  identifica- 
tion of  these  lignites  and  their  relations  to  the  Bethel  fault  we  have  still 
to  work  out. 

(2)  THE  HATCUETIGBEE  ANTICLINE. 

.  The  axis  of  this  fold,  like  that  of  the  preceding,  has  a  northwest  south- 
east direction.  At  the  southeastern  end  and  also  at  the  northwestern 
it  i^inks  gradually  to  the  level  of  the  undisturbed  beds.  It  may  be  traced 
from  near  Nicholson's  Store,  in  Choctaw  County,  across  that  county, 
through  Bladen  Springs,  into  the  northeastern  corner  of  Washington 
County  at  Hatchetigbee  Bluff,  and  thence  across  the  river  for  about  ten 
or  twelve  miles  into  ClarkeCounty.  It  is  about  twelve  miles  across  in  its 
widest  part,  i.  e.,  from  Coffeeville  south  westward.  It  involves,  so  far  as 
concerns  their  surface  exposure,  the  following  strata :  The  White  Lime- 
stone, the  Claiborne,  the  Buhrstone,  and  the  Hatchetigbee  beds,  aggre- 
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gating,  witli  the  exclusion  of  the  Wbite  Liraestone,  about  501)  feet  of 
strHlA.  It  appears  to  have  exerted  iio  iDfluencc  apou  tbe  direction  of  tlic 
(IraiiiHge. 

Ill  the  followiug  routes  we  obtuiu  tbe  data  from  which  Vfv.  have  oat- 
liued  this  fold: 

First.  From  Jackson  to  CoffeeviMe  and  theuce  northward  to  Wood'* 
BhifT.  Ou  this  road,  li  miles  north  of  Jackson,  the  first  well  defined  out- 
wop  of  Tertiary  rocks  is  encountered.  These  rocks  belong  to  the  Biibr- 
stone,  but  before  i-eachiug  them  the  presence  of  the  Claiborne  beds  at  no 
great  depth  below  the  surface  is  very  clearly  revealed  in  the  fi-equent 
occarrence  of  patches  of  the  characteristic  red,  limy  clays  produced  by 
the  action  of  these  beds  upon  the  red  loam,  Beyond  this  the  sands  and 
cUys  of  the  underlying  Hatchetigbee  group  are  seen  along  the  slope 
leading  down  to  the  crossing  of  Jackson's  Creek.  By  tnrning  eastward 
ftvm  this  place  the  Claiborne  sandK,  with  their  characteristic  fossils,  can 
Iw  seen  on  Stave  Creek,  iti  Sei-s.  8  and  !)  of  T.  7  N.,  E.  2  E.  This  I 
take  to  be  the  southeastern  limit  of  the  anticline,  for  looking  east- 
ward and  southeastward  from  this  place  we  see  nothing  but  the  charac- 
teristic landscape  of  the  Lime  Hills  region.  Proceeding  northward, 
the  Buhrstone  rocks  are  again  enconntered  about  eight  miles  from  Cof- 
feeville,  and  they  extend  theuce  to  within  five  miles  of  that  place.  The 
limit  of  the  anticline  iu  another  place,  eontheast  of  CoCTeeville,  is  asost- 
tained  by  going  northeastward  from  Salit)ia  post  otBee,  which  is  oq  tbe 
riatchetigbeo  formation  in  Sec.  31,  T.  S  X.,  It.  1  E.,  towards  Dead 
Level,  in  Clarke  County,  fn  this  direction  the  Buhrstone  is  crossed 
between  three  and  fivt-  miles  from  Salitpii  post  oQiee.  CofCecville  itself 
is  upon  the  Cliiiborne,  and  going  northward  we  i)ass  first  into  the 
White  Limestone,  and  ut  Turkey  Creek,  ne;ir  the  norrherii  limit  of  T. 
10  X.,  II,  2  W.,  into  the  Buhrstone,  the  Claiborne  as  usual  making 
vL'ry  little  sIkiw  upon  the  surface,  except  in  the  red,  limy  clays  above 
notieed.  The  UiilirKtone  ridge  .just  alluded  to  becomes  very  prominent 
at  White  IShitV,  u.nd  from  that  place  an  uninterrupted  view  may  be  had 
of  all  the  underlying  stnita  down  to  the  Wood's  Bluff  group.  In  this 
route,  therefore,  we  piiss  over  the  anticline  between  Jackson  and  Cof- 
feeville  and  over  a  syneline,  with  White  Limestone  as  the  uppermost 
formation,  between  Coffeeville  and  White  Blutl",  while  by  diverging  east- 
ward in  two  or  three  places  the  eastern  limits  of  the  anticline  can  he 
pretty  accuratel}'  deterniiiu'd. 

Second.  On  the  wosferii  side  of  the  river  the  anticline  is  equally 
well  marked  along  the  route  from  Saint  Stephens,  through  Itladen 
Springs,  to  Bntler,  in  Choctaw  County.  Ou  this  road  the  White  Lime- 
stone may  be  seen  to  within  nine  miles  south  of  Bladen  Springs;  then 
occurs  a  strip  of  pine  lands,  in  which  the  underlying  Claiborne  for  mat  ioii 
is  not  often  clearly  seen.  At  one  place,  however,  near  the  road  in  the 
northea-st  corner  of  Sec.  '20  {corresponding  to  Sec.  '27  iu  the  ordinary 
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townships)^  T.  8  N.,  R.  2  W.,  about  a  qaarter  of  a  mile  west  of  the  Tony 
Eail  place,  in  the  blaff  over  a  spring,  about  six  feet  of  the  Claiborne 
sands  are  exposed.  The  upper  part  of  this  exposure  is  a  mass  of  shells 
packed  in  a  yellowish  red  sand,  as  at  Claiborne;  the  lower  part  at  the 
water  level  is  a  hard,  greensand  filled  with  shells,  as  at  Pugh's  Branch, 
in  Clarke  County.  (Jraasatella  protexta  is  here  the  commonest  shell; 
but  Melongena  alveataj  Monoceros  armigeruSj  Ancillaria  subglohosa^  A. 
scamhay  A.  stamineay  and  other  Claiborne  forms  are  also  abundant.  This 
locality  is  about  a  quarter  of  a  mile  north  of  the  last  Lime  Hill. 
Beyond  this,  towards  Bladen  Springs,  the  Buhrstone  rocks  are  first 
seen  at  the  bridge  across  Siuta  Bogue  in  the  northwest  corner  of 
Sec.  14,  T.  8  K.,  B.  2  W.,  six  miles  from  the  springs,  and  they  continue 
up  to  within  two  miles.  About  the  central  part  of  this  outcrop,  four 
miles  from  the  springs,  there  is  a  marl  bed  several  feet  in  thickness, 
containing  great  numbers  of  a  shell  closely  allied  to  Ostrea  sellw/ormis. 
This  marl  is  found  just  below  a  hard  ledge  of  claystoue,  and  in  the 
fields  near  by  lie  many  fragments  of  rock  filled  with  silicified  Claiborne 
shells.  The  springs  are  upon  the  upper  Hatchetigbee  beds,  for  going 
northwards  the  Buhrstone  is  again  met  in  the  hills  about  two  miles 
north  of  the  springs,  and  outcrops  along  this  road  for  about  four  miles. 
Beyond  this  Buhrstone  belt  we  come  upon  the  Claiborne  sands  on  the 
hill  just  south  of  Souilpa  Creek,  and  going  down  the  hill  we  see  the 
Ostrea  sellwformia  beds,  and  in  the  immediate  bank  of  the  creek  the 
bed  of  comminuted  shells  in  a  matrix  of  greensand,  precisely  like  that 
in  the  lower  part  of  the  Claiborne  bluff  and  at  Coffeeville  landing.  At 
Barryton  Mill,  about  the  northeast  quarter  of  Sec.  13,  T.  10  N.,  E.  3  W., 
about  a  mile  east  of  the  road  we  are  now  describing,  this  bed  of  com- 
minuted shells,  with  numbers  of  large  and  perfect  shells  of  Ostrea  ael- 
IceformiSj  forms  the  bed  and  banks  of  the  creek.  To  the  westward  also 
of  this  road  the  banks  and  channel  of  Oaktuppah  Creek  are  formed  of 
the  lower  Claiborne  beds,  which  outcrop  again  on  the  hills  some  four 
miles  north  of  the  creek.  The  belt  of  Claiborne  beds  is  crossed  on  this 
road  from  the  southern  banks  of  Souilpa  Creek  northward  about  seven 
or  eight  miles.  This  great  width  of  outcrop  is  due  to  the  fact  that  the 
beds  form  a  shallow  synclinal  basin.  This  basin  holds  a  narrow  belt 
of  White  Limestone,  which  maybe  traced  from  Womack  Hill,  SE.  ^,  Sec. 
4,  T.  10  N.,B.  2  W.,  northwestward  to  the  Mississippi  line  at  Nicholson's 
Store.  The  outcrop  of  White  Limestone  at  Womack  Hill  is  about  two 
miles  long  and  one  hundred  or  two  hundred  yards  wide.  Then  north- 
westward in  Mrs.  Nix's  field,  Sec.  2,T.10  N.,  R.  3  W.,  is  another  outcrop, 
about  a  mile  long  and  two  hundred  yards  wide.  Still  farther  north- 
westward the  White  Limestone  is  next  seen  on  the  south  side  of  Oak- 
tuppah Creek,  on  Dr.  Gilbert's  old  place  and  between  that  place  and 
Mr.  Troup  Trice's.  Then  on  the  north  side  of  Oaktuppah  Creek,  on 
Messrs.  Seaborn  Bonner's  and  Eigby's  lands.  Sees.  22,  23,  26,  and  27, 

tin  this  township  the  aeotions  are  numbered  differently  ixo\ii\\i^'(Ax\>^\a.^\^s^^^ 
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T.  10  N,.  U.4  W.J  is  n  narrow  triict,  iiboiit  two  miles  in  widtU  uorth  awl 
MOnth;  again,  Rtill  farther  westward,  on  Mr.Jitmes  liouner's  land,  N. 
W.  i  uf  8i?e.  15,  T.  II  N.,  U.  i  W.,  is  abonta  aquare  mile  of  tbe  Wliite 
LimcHtoiiQ  prairie.  Beyond  this  tbe  prairie  belt  widens  ont  and  merges 
into  the  great  mass  of  prairies  west  of  tlic  cud  of  the  Hatebetigbee 
anticline.  lietiirniDg  to  onr  Bladen  Sjiringa  and  Butler  road,  after 
crossing  the  nyncHno  nf  Claiborne  beds  which  holds  the  narrow  belt  of 
White  Limestone,  we  come  npon  the  nnhrstnne  rocks  again  some  ten 
miles  aonthof  Butler,  and  these  make  the  nonntry  (o  within  five  miles 
of  that  place,  where  they  arc  ttnefueded  by  tbe  Uatchctigbee  beds,  and 
at  Butler  by  the  Wood's  Bluff  beds. 

Thinl.  Along  another  route,  approximately  parallel  to  the  two  pre- 
oedfng,  bnt  in  the  western  part  of  Choctaw  Connty,  wediecovcrlbatour 
Bnticline  hat*  sunTv  Ix-nejitb  the  surface,  though  still  impressing  it»elf 
upon  the  country  by  keeping  tbe  White  Limestone  as  the  snrftwo  rock 
over  n  difltanre  north  and  south  of  more  than  twenty  miles.  A  very 
'  similar  state  of  things  may  be  seen  beyond  the  aontheastern  end  of  this 
■  IbUl  ill  Clarke  Connty,  aa  below  noted.  The  following  details  will  serve 
I  to  make  tills  clear:  Three  miles  south  of  Pnshmataha  the  Wood's  Bluff 
marl  is  eeen  on  Rabbit  Creek,  and  a  mile  or  two  fartlier  south  the  first 
|of  the  Buhrstone,  which  rock  then  makes  the  country  southwestward 
B8  far  as  the  SE.  i  of  Sec.  25,  T.  13  N.,  R.  5  W.,  near  Mr.  Jobusou 
Alleii'i«.  In  this  vicinity  Ontrca  HcUfr/ormis  beds  aro  found  upon  many 
of  the  high  hills  which  show  Buhratone  rocks  at  their  bases,  Tbe  line 
between  (he  two  formations  may  therefore  be  drawn  here,  doing  still 
southward  we  lind  the  Ontrcn  ^elUvformis  or  Claiborne  lieds  ut  lower 
and  lower  levels,  till  on  Billy's  Creek,  in  Hee.  7,  T.  11  X.,i;.  4  W.,  they 
are  at  the  water  level,  and  we  get  a  lirst  rate  section  rxleudiiig  nearly 
up  to  tbe  White  Limestone. 

SiClioH  OH  /alls''  Cwk,  rl,i.rh»,'  Coiiiiln. 


2.  LuiiiLii^it,'.!,  f;ray  tl^iy-.,  ivitli  bits  of  1.>:iv.'s  :iii,l  iii.ii.sf  im-t  h-.d  ii 

3.  Grt'i-iiish.v.lliiiv.  fjilcanoils,  ^riiincoiiiticsiiii.U;   u..  foHails  

i.  \Vliil.>,i>iik:iiViHi^  sands,  Willi  IMrea  scllnfvrmii 


1  rm.t. 

ll.  WUiU;  t;ik'um>TiM  .wti.Ih,  ;s  ill,  (l.fra  fll.i/ormh,  imwiii;;  Lrluw  into  i-.>.ir«P,  ylli.w 

(minlx,   uml  tlifii   tu  ^fiiy,  .iiUaniiiis  sniiils,   li..l.liTis  ii  f-'w   Irial.lu  sTirlU;   luir.i 

kdKfStrav.'rM'llirsflu'cIs  ii.^ar  lb.)  tiii) ;   ii,  all I'i  A-el. 

7.  Higlil)-  fiwjiilif.Toii,.,  niay,  <ali-iir.>..ii,4saii.ls,li..lilin[;  (Mr,,,  wn„/ormi$  (small  sh.'llsl, 

(M.-0(h-K  HViid-j*;,   Taihiaiilhi  iladuivi,  Xiiviila  ni, in  hi  Urn.  /••■cicii  Lijtlli,&.c.     Tbe--?. 

iiro  alliTiialiiLL:  Mn^i.lis  ..r  l.arii-ii  -i;imi.,  and  Ib.sHi'lifi^ioiiB  s;.tni« L>0  fc.t. 

f.  firay,  laiiiiiKi(i.'il  tbiystcibris^.  nlbliiir 10  fwl. 

One  of  the  beds  of  No.  7  is  densely  packed  wilh  the  small  form  of 
Onlrea  svtlir/oitiih  (ilirnriratti),  and  tLis  is  the  bed  which  crops  out  so 
iVeiiuently  upon  the  hill.s  to  tbe  northward  of  this  locality,  A  compar- 
ison of  the  elevations  of  this  bed  in  diilerent  jjlaces  shows  Chat  it  dips 
about  50  feet  to  the  mile.     South  of  Billy's  Creek  we  enter  ujion  the 


mHl?J^5**l  HATCHETIGBEE   ANTICLINE.  125 


JO  HNBON.  J 


wide  belt  of  prairie  land  (White  Limestone)  which  extends  to  the  north- 
western corner  of  Washington  County  four  or  five  miles  below  Isney. 
The  line  between  Eanges  4  and  5  W.  marks  about  the  western  limit  of 
the  flatchetigbee  anticline,  for  east  of  Push  Gush  Creek,  about  Sec 
17  or  Sec.  18,  T.  10  N.,  B.  4  W.,  the  outcrops  of  the  Ostrea  sellccformis 
beds  are  seen. 

The  map  will  show  that  in  the  western  part  of  Washington  and  Choc- 
taw Counties  and  in  adjoining  parts  of  Mississippi  the  width  (north  and 
south)  of  the  White  Limestone  belt  is  much  greater  than  elsewhere,  ex- 
cept in  the  eastern  part  of  Clarke  County.  This  is  undoubtedly  in 
great  measure  due  to  the  influence  of  our  Hatchetigbee  fold ;  but  there 
is  also  a  very  considerable  increase  in  the  thickness  of  the  beds  consti- 
tuting the  lower  or  Jackson  division  of  the  White  Limestone  in  the 
western  part  of  Alabama  and  in  Mississippi,  or  perhaps  it  would  be 
more  correct  to  say  that  there  is  a  very  considerable  increase  in  the 
thickness  of  the  beds  of  gypseous  clay  of  the  formation  in  these  local- 
ities. The  ^'prairie"  character  of  the  soils  of  this  formation  is  much 
more  pronounced  in  Western  Alabama  and  in  Mississippi  than  else- 
where eastwanl. 

Fourth.  The  limits  of  the  anticline  are  also  well  defined  along  sev- 
eral roads  leading  out  from  Bladen  Springs. 

(a)  On  the  road  from  Bladen  Springs  to  Millry ,  in  Washington  County, 
the  Buhrstone  and  Claiborne  formations  are  crossed,  and  at  a  distance 
of  seven  or  eight  mile^i  from  the  springs  appears  the  first  outcrop  of 
White  Limestone. 

(b)  On  the  lower  road  from  the  springs  to  Isney  the  first  outcrop  of 
Buhrstone  is  about  one  and  a  half  miles  and  the  last  about  five  miles 
from  the  springs.  A  very  conspicuous  bed  in  these  Buhrstone  rocks  is 
a  greensand,  several  feet  in  thickness,  of  very  bright,  light  green  color, 
to  be  seen  on  almost  efery  hillside  from  three  to  four  and  a  half  miles 
from  the  springs.  In  many  places  the  upper  part  of  this  bed  has  been 
oxidized  to  deep  red  sand.  From  the  five  mile  post  west  of  the 
springs  out  to  the  lower  line  of  Sec.  15,  T.  9  N.,  B.  4  W.,  we  cross  diag- 
onally the  outcrop  of  the  Claiborne  beds,  coming  into  White  Limestone 
at  the  last  named  locality,  where  along  a  hillside  Claiborne  beds  are 
seen,  witk  White  Limestone  overlying  them.  Thence  out  to  Isney  (and 
beyond  to  Mississippi)  the  country  is  made  by  the  White  Limestone. 
A  very  good  section  of  the  Upper  Claiborne  beds  was  obtained  in  Sec. 
13,  T.  0  N.,  E.  4  W. 

Section  near  Jordan's  Mill, 

1.  YeUowisb,  clayey  sands,  with  some  Claiborno  fossils  in  a  soft,  friablo  condition ; 

lower  part  of  this  bed  bluish 25-30  feet 

2.  Projecting  lodge  of  coarse  grained  greensand,  with  a  large  number  of  badly  pro- 

seryed  Claiborne  fossils 4  feet. 

3.  Coarse  grained  greensand,  with  Claiborne  fossils,  compact  and  hard 10  feet. 

The  upper  half  of  No.  3  is  coarser  in  grain  and  more  fossiliferous  than 
the  lower,  but  the  latter  contains  a  number  of  the  smaller  forms.    A 
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Kttlo  northwest  of  this,  in  Sec.  2,  T.  9  N.,  R.  4  W.,  at  Shoemaker's  Mill, 
this  greeiisjind  bed  \s  again  seen,  holding  CrofHateUa  alta.    While  iu 

Ifiome  respects  these  two  outcrops  resemble  the  Gl^borne  sands  (main 
foBsiliforous  bed  at  Claiborne),  there  are  differences  observed  which  lead 
Us  to  think  that  their  position  is  below  these  sands.  The  limit  between 
Claiborne  and  White  Limestone  is  seen  again  about  half  a  mile  north- 
east of  Fail's  Store, 

(c)  Along  the  upper  road  ftata  Isney  to  Bladen  Springs  the  Buhr. 
.  etone  belt  is  entered  at  Powe's  Store,  about  two  miles  northeast  of  Si- 
I  las  post  office,  and  from  this  imiut  on  by  the  Turkey  Creek  bridge 
'  (about  Sec.  10,  T.  9  N.,  R.  2  W.)  we  cross  only  Eiihrstone  rocks.     No 
Hatchetigbeebeds  are  observed.     From  this  circumstance  it  would  seem 
.■tiiattheoutcropofthe  last  named  beds,  passing  through  Bladen  Springs, 
'  floes  not  extend  northwest  beyond  the  line  mnning  from  Silns  to  Tur- 
key Creek  bridge,  these  two  points  being  on  opposite  slopes  of  the  an- 
ticline.   In  the  piny  woods  northeast  of  Isney  there  are  mauy  out- 
crops of  the  Ontrea  sella/ormis  beds,  betrayed  by  the  appenrance  of  red, 
r  limy  clay  spots  in  the  woods.     Thus  at  Siugeley  &  Peel's  store,  Seo. 
I  11,  T.  10  N,,  E.  5  W.,  the  immediate  surface  is  sandy  and  timbered  with 
I  long  leaf  pine,  but  prairie  spots  (White  Limestone)  occur  on  the  hill- 
I  sides  in  all  directions.    Two  and  a  half  miles  due  east  of  this  store,  in 
I  the  hanks  of  Push  Cush  Creek,  the  Oalrea  gellit/ormia  beds  are  seen, 
as  also  at  Mr.  Marion  Carroll's  (Sec.  21, T.  10  N.,  It.  i  W.),  and  in  the  piny 
woods  southeastward,  eastward,  and  northeastward,  for  a  good  many 
miles. 

(rf)  Again,  going  towards  Bladen  Landing,  Sec.  3,  T.  9  S.,  R.  2  \V., 
the  road  is  over  Buhrstone  all  the  way,  after  leaving  the  immediate 
vicinity  of  the  springs. 

(e)  And  lastly,  going  from  the  springs  to  Coffeeville,  after  leaving 
the  Uatehetigbee  clays  of  the  springs,  the  roaif  passes  over  Buhrstone 
to  the  river  lowlands;  it  then  follows  the  river  for  three  mileH  (no  rocks 
seen)  to  CoCFeeville,  where  the  Claiborne  rocks  are  well  exposed.  At 
Coffceville  Landing  these  rocks  liave  a  very  strong  dip  lowiirds  the  east 
or  northeast,  and  the  White  LimestoTie  is  encountered  witliin  a  very 
short  distance  of  the  river  bluff  eastward.  Thus,  on  the  road  from  Cof- 
fceville to  Grove  Hill,  we  see  orbitoidal  limestone  at  the  lo»'e]  of  the 
small  water  courses,  within  five  utiles  of  the  former  place,  and  at  sis 
miles  from  Coffeeville  this  rock  forms  tlie  banks  of  Satilpa  Creek.  This 
marks  about  the  lowest  part  of  the  depres.sion,  for  a  uiilo  farther  east- 
ward limy  clays  eontaiuiug  ribs  of  Zeuglodon  are  noticed  upon  a  hill- 
side, at  some  considerable  elevation  above  the  level  of  Satilpa  Creek. 
These  lime  hills  continue  thence  to  within  a  mile  of  Grove  Hill,  where 
the  Tertiary  rocks  are  concealed  by  tlie  Drift  deposits. 

From  these  details  it  will  be  .seen  tliat  this  antiirline  has  been  tolera- 
bly well  defined  on  all  sides  by  our  observations,  ami  its  representatives 
on  the  other  map  may  be  taken  as  fairly  correct.     In  describiug  the 
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limits  of  this  nndalation  we  have  made  ase  of  the  Bahrstone  rocks  more 
than  of  other  formations,  for  the  reason  that  the  Buhrstone,  being  in 
general  hard  and  resistant  to  denndation,  may  almost  always  be  seen 
along  its  line  of  ontcrop.  The  Glaiborne  beds  (sands  and  clays),  on  the 
other  hand,  as  a  rale,  are  likely  to  escape  detection.  It  may,  however, 
be  of  interest  to  give  the  following  localities  of  the  occnrrence  of  the 
Claiborne  along  the  two  sides  of  the  anticline. 

The  ferrnginous  sand  bed,  with  the  great  mass  of  the  Claiborne  shells, 
we  have  seen  less  frequently  than  the  lower  or  Ostrea  sellce/ormis  beds. 

Tlie  former  has  been  observed  on  the  soathern  side  of  the  anticlinal 
on  Stave  Creek,  in  the  SW.  J  of  Sec.  8  and  in  the  SB.  i  of  Sec.  9,  T.  7  N., 
B.  2  E.,  in  Clarke  Connty;  on  the  Tombigbee  Biyer,  half  a  mile  above 
Saint  Stephens  Blnff;  also  in  Sec.  5,  T.  8  N.,  B.  2  W.,  and  in  Sec.  29, 
T.  8  N.,  B.  2  W.,  in  Washington  County.    Then  in  Sec.  13,  T.  9  N.,  B. 

4  VV.,  and  in  Sec.  2,  T.  9  N.,  B.  4  W.  On  the  northern  side  of  the  anti- 
cline the  ferruginous  sand  bed  has  not  come  under  observation  except 
on  the  southern  bank  of  Souilpa  Creek,  about  Sec.  13  or  Sec.  25,  T.  10 
N.,  B.  3  W. 

On  the  other  hand,  the  lower  or  Ostrea  sellceformis  beds  are  to  be 
seen  along  the  whole  outline  of  the  anticlinal,  and  even  where  the  beds 
do  not  come  to  actual  outcrop  their  presence  is  just  as  certainly  revealed 
by  the  occurrence  of  what  are  called  "piny  woods  prairies" — that  is, 
red,  limy,  clay  spots  in  the  piny  woods.  A  great  proportion  of  the  couu; 
try  underlaid  by  the  Ostrea  sellceformU  beds  has  a  light,  sandy  soil 
and  is  timbered  with  long  leaf  pine,  and  the  reaction  of  the  calcareous 
sands  upon  the  red  loams,  which  occur  in  these  sandy  lands,  produces 
the  so-called  prairie  spots.  I  give  a  few  of  the  localities  of  Ostrea  sel- 
Ueformis  beds  around  the  anticline,  beginning  at  Coffeeville  Landing, 
where  there  is  a  fine  exposure.  Thence  northwestward  they  may  be  fol- 
lowed up  Oaktuppah  Creek,  on  both  sides,  and  forming  the  bed  of  the 
creek  in  many  places,  out  towards  Nicholson's  store.  Thus,  on  both  sides 
of  Womack  Hill,  at  Barry  ton  Mill ;  on  Surveyor's  Creek,  Sec.  36,  T.  11 K, 
11.  3  W.;  in  the  banks  of  Souilpa  Creek,  at  the  bridge,  about  Sec.  13  or 
Sec.  25,  T.  10  N.,  B.  3  W.;  two  miles  west  of  Barry  ton;  in  the  bed  of 
Oaktuppah  Creek,  about  Sec.  28,  T.  11 N.,  B.  3  W. ;  in  Sec.  20,  T.  11 N.,  B. 
3  W.,  onBogue  Loosa;  in  many  places  northward  as  far  as  Lusk  post 
office,  SW.  corner  of  Sec.  9,  T.  11  N.,  B.  3  W.j  in  Sec.  25,  T.  12  N.,  B. 

5  W.;  Sees.  6  and  7,  T.  11  N.,  B.  4  W.;  in  Sec.  15,  T.  11  K,  B.  4  W.; 
many  places  near  center  and  northern  part  of  T.  10  N.,  B.  4  W.;  and 
thence  along  the  southern  border  of  the  anticline,  i.  e.,  about  Sec.  7  or 
Sec.  8,  T.  8  N.,  B.  2  W. ;  then  across  the  river  a  few  miles  north  of  Jack- 
son, &c.  Indeed,  with  a  little  practice,  the  Ostrea  sellwformis  beds 
are  about  as  easily  followed  as  the  Buhrstone.  In  Clarke  County,  also, 
as  across  the  river  in  Choctaw  County,  in  the  syncliue  lying  to  the 
northeast  of  the  Hatchetigbee  anticlinal,  the  Claiborne  ferruginous 
sands  are  in  many  places  not  far  below  the  general  level  of  the  country, 
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[,.and  are  e^cpoeod  in  thu  beiU  of  tbo  water  courses.  Examples  of  tbU  Are 
Laeeii  in  tbe  central  inirt  of  Sec.  23,  T.  9  N.,  11. 2  E.,  and  in  the  SB.  J  of 
Lfiec.  18,T.  9N.,  K.  3  E. 

L  It  will  liu  uoticeil  tliat  along  tbe  sides  of  this  anticline,  as  well  &» 
F'Wliero  the  Bitlirsfoue  first  dips  below  tbe  surface  in  tlie  nortbera  part 
[•of  Clarke  and  Choctaw  Counties,  tbo  rate  of  dip  is  much  greater  tUun 
'  tbe  average  of  30  feet  to  tbe  mile ;  for  tbe  tbicltuess  of  the  Buhrstoini 
I  is  about  three  hundred  feet,  aod  its  outcrop,  with  a  dip  of  tbe  strata  of 
^thirty  feet  to  the  mile,  would  be  about  ten  milett  broad,  but  in  tbe  in- 
stances cited  above  this  outcrop  will  not  averaj^e  more  than  four  milee 
idtb.  A  part  of  this  difference  is  undoubtedly  due  to  the  fact  Chat 
,lhe  Bubrsloue  usually  forms  high  hills,  with  a  rather  steep  escarpmeDl: 
JoolviDg  northward,  but  a  part  is  also  certainly  due  to  the  more  rapid 
dip  along  these  Hues. 

(3)  OTUER  BCnUSTOSE  DISI-LACKMENTH. 

y 

If  A  few  words  respecting  tbe  appearauce  of  tbe  Bubrstouo  rocks  at 
localities  farther  Koutb  tbau  the  anticline  just  described  may  tiot  be 
iCRit  of  place  here.  A  few  miles  south  of  Jackson,  on  the  road  to  Gaines- 
•itowu,  there  is  a  bill  which  rises  to  a  height  of  300  feet  above  tbe  ad- 
Ijacent  water  courses.  Upon  its  summit  there  is  a  good  outcrop  of  Buhr- 
rocka,  and  in  immediate  contiguity  with  it  Orbitaidal  Wfait« 
jiimeAtone,  at  tbe  same  level.  This  state  of  things  may  be  seen  also 
BOutliwani  iind  nortliwiird  of  the  locality  named  for  at  least  a  milt>  in 
each  direction,  and  southward  presumably  as  far  as  the  Lower  Salt 
Works  (sec  below).  The  locality  mentioned  is  about  the  corner  of  the 
four  .sections  1-t,  15,  -2,  23,  T.  0  N,,  R  2  E. ;  and  a  mile  north  of  it,  in 
the  Etiieridge  OhI  Fields,  there  is  another  occurrence  of  Bulirstonc  and 
White  Limestone  in  actual  contact  apparently  at  the  same  level,  for  in 
both  these  cases,  as  we  go  eastward,  we  Iind  the  White  Limestone  mak- 
ing the  country  for  many  miles.  In  the  same  range  of  hills  with  the 
outcrops  above  mentioned  (but  eastward  of  the  Bniirstone  occurrences), 
there  are  places  where  tbe  ravines  have  cut  down  into  the  Ostrca  aet- 
lu'/ormia  beds  of  the  Claibonie.  The  Tertiary  strata  lying  westward 
of  these  localities  have  generally  been  removed  by  deoudation,  but 
in  one  i»lace  at  least,  we  find  Orbitoidal  White  Limestone  lying  to  tbe 
tcext  of  the  line  of  contact  of  liubrstone  and  White  Limestone,  so  that 
to  all  iippea ranees  we  have  hero  a  narrow  belt  of  IJnbrstone  (north  and 
south)  coining  up  riglit  in  the  midst  of  the  White  Limestone,  and  with 
Ibe  latter  in  visil)Ie  eiuitact  with  it  on  its  eastern  side-  When  we  go  a 
few  miles  farther  soiilli,  to  what  is  called  the  Central  Salt  Works,  in  tbe 
northern  part  of  See.  M  or  the  sontliern  part  of  Sec.  27,  T.  6  N-,  B.  2  E., 
we  find  the  Orbitoidal  White  Liniestoneat  the  level  of  tbe  water  courses, 
but  a  mile  east  of  tlie  Salt  Works,  up  Salt  Creek,  on  ascending  a  hilt 
we])assover  what  appear  to  bethcIIatchetiglMtestrata.  Of  this  I  could 
not  be  perfectly  surf,  as  no  well  defined  fossils  were  obtained;  but  on 
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another  branch  of  the  creek,  which  flows  from  the  north,  heading  nearly 
in  the  localities  first  mentioned,  we  find  the  Buhrstone  making  the  lower- 
most forty  or  fifty  feet  of  the  hills  in  both  sides  of  the  branch,  while  the 
upper  strata  of  the  hills  were  White  Limestone,  apparently  eonfonnably 
overlying  the  Buhrstoney  the  strata  of  the  latter  at  one  place,  where  they 
were  clearly  shown  in  a  low  bluff,  being  approximately  horizontal.  This 
locality  is  near  the  upper  edge  of  Sec.  35  or  of  Sec.  36  in  T.  C  iT.,  R.  2  B., 
or  in  the  lower  part  of  the  section  lying  next  towards  the  north.  At 
Mr.  F.  Payne's  spring,  on  the  i^W.  J  of  NE.  J  of  Sec.  11,  T.  5  N.,  R.  2  E., 
the  Buhrstone  is  found,  while  directly  west,  on  the  bank  of  the  river, 
Jn  Sees.  16, 17,  21,  28,  and  29  the  White  Limestone  appears.  So,  also, 
east  of  Mr.  Payne's  house  there  are  lime  sinks  and  outcrops  of  White 
Limestone  in  Sees.  12, 13,  24,  &c.  Though  not  actually  seen,  it  would 
appear  that  here,  also,  wo  have  the  White  Limestone  lying  directly  upon 
the  Buhrstone,  the  strata  falling  away  rapidly  westward  so  as  to  bring 
the  former  rock  down  to  the  river  within  two  or  thf ee  miles  towards  the 
west.  A  few  miles  below  this,  in  Sees.  21  and  28,  T.  5  K.,  B.  2  E.,  at  the 
Lower  Salt  Works,  we  have  the  section  already  given,  in  which  the 
White  Limestone  and  the  Buhrstone  are  shown  in  direct  contact,  the 
former  apparently  directly  and  conformably  overlying  the  latter,  just 
as  appears  to  be  the  case  at  Mr.  Payne's,  at  the  Central  Salt  Works, 
and  probably  also  at  the  first  locality  mentioned  above  (Sees.  14  and  15, 
T.  6N.,E.2E.). 

I  should  be  iuclined  to  explain  these  anomalies  on  the  supposition 
that  a  north  and  south  fault  has  brought  the  Buhrstone  and  the  White 
Limestone  together,  but  for  the  fact  that  at  most  of  the  localities  above 
mentioned  the  White  Limestone  may  be  seen  directly,  and  to  all  appear- 
ance conformably,  resting  upon  the  Buhrstone.  Whether  by  a  fault  or 
otherwise,  all  the  Claiborne  strata  are  wanting  at  all  these  localities, 
and  my  observations  show  also  either  that  there  is  an  anticlinal  axis  ex- 
tending from  Sec  28  in  T.  5  N.,  B.  2  E.,  a  little  east  of  north  up  to  Sec. 
14,  T.  6  N.,  B.  2  E.,  which  brings  the  Buhrstone  above  drainage  along 
this  line  and  for  this  distance,  or  that  this  elevation  has  been  l^rought 
about  by  a  fault  There  are  great  difficulties  in  the  way  of  making 
satisfactory  observations  in  this  part  of  the  State,  as  thick  beds  of  drift 
and  loam  (in  some  places,  as  at  Mr.  Payne's,  75  feet  thick)  cover  the 
whole  face  of  the  country,  except  where  they  have  been  removed  by  the 
few  streams ;  but  I  hope  to  have  this  foli  or  fault  fully  traced  out  in 
another  season. 

The  sulphur  spring  at  Jackson  comes  apparently  through  the  Buhr. 
stone  out  of  the  Hatchetigbee  strata,  as  is  the  case  at  Bladen  Springs, 
Tallahatta  Springs,  the  Upper  Salt  Works,  the  Lower  Salt  Works,  &c. 
The  Jackson  well,  however,  is  in  the  low  grounds  of  Bassett's  Creek, 
and  no  Tertiary  rocks  show  in  the  immediate  vicinity,  but  the  Buhrstone 
and  the  Hatchetigbee  sands  appear  on  a  hill  at  no  great  distance 
towards  the  east. 
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As  before  stated,  tbe  White  Limestotm  is  tlie  couutry  rock  tliroagh  all 
the  lower  piirt  of  Clarke  County,  as  fur  south  at  least  as  Cboctaw  Bluff 
and  tbo  Lower  Salt  Works;  but  away  from  tlie  streams  tbeso  Tertiary 
beds  are  biddeu  by  drift,  and  tbeir  presence  is  revealed  only  bytbe 
DUDierous  lime  sinks  wbich  are  of  such  frequent  occurrence  in  the  piny 
woods  of  this  section.  Below  tbe  Lower  Salt  Works  tbe  Tertiary  rocks 
may  be  continuously  followed  down  to  Oven  Bluff,  a  few  miles  distant, 
soQtliward  of  which  point  they  do  not  appear  to  cotue  again  to  the  sur- 
face. It  is  probable,  however,  from  the  occurrence  of  lime  sinks,  that 
the  White  Limestone  underlies  the  surface  at  uo  great  depth  for  many 
miles  farther  in  this  direction. 

The  uplift  of  the  Lower  Salt  Works  is  felt  across  to  the  Alabama  River, 
hut  not  to  the  same  degree  as  here,  for  at  Gaiuestown  ami  at  Choctaw 
BInff  the  lower  measures  of  tbe  White  Limestone  are  at  the  water  level. 

It  v.-ould  not  be  correct  to  say  that  these  undulations  are  not  felt  at 
all  across  the  whole  of  Clarke  County;  for,  although  the  uudei-lyiug 
Claiborne  and  Buhrstoue  rocks  are  not,  so  far  as  we  now  know,  lifted 
much  above  the  general  drainage  level  in  the  eastern  part  of  the  county 
after  having  once  disappeared  beneath  the  surface,  the  undulations  have 
still  been  operative  in  keeping  the  White  Limestone  as  the  surface  rock 
over  an  extent,  north  and  south,  of  30  miles.  This  is  well  illustrated 
along  the  meridian  of  Grove  Hill,  Clarke  Coauty,  where  we  find  tbe 
White  Limestone  as  surfaterock  from  abontflvemilesLorth  of  that  town 
down  to  Choctaw  Bhiff,  and  tbo  thickness  of  the  formation  is  not  much 
over  300  feet.  Moreover,  at  several  localities  we  find  the  underlying 
Claiborne  beds  iit  no  jii-eat  depth  below  tbe  general  level  of  the  couutry. 
Now,  if  we  travel  southward  of  this  last  outcrop  of  the  White  Limestone 
at  Choctaw  BUill',  through  Monroe  and  Escambia  Counties,  and  eastward 
also,  in  Covington,  Coffee,  and  Geneva  Counties,  we  iind  the  country 
generally  level  piny  woods,  with  a  surface  maatle  of  drift,  in  which, 
however,  the  frequent  occurrence  of  depressions  caused  by  liuie  sinks 
reveals  the  fact  that  the  White  Limestone  is  at  no  great  distance  from 
tbe  surface  at  any  place.  And,  Still  farther,  if  we  pass  into  Florida  we 
fliid  this  rock  again  at  the  surface  over  tlie  greater  i)art  of  tbo  penin- 
sula, although,  as  recent  discoveries  of  Mr.  L.  C.  Johnson  have  shown, 
covered  in  many  places  by  later  deposits  of  Miocene  age. 

Tbe  elevation  of  the  Florija  peninsula  was  therefore  subsequent  to 
the  deposition  of  tbe  Miocene  beds,  and  the  undulations  of  the  Alabama 
Tertiary  may  date  back  to  the  same  epoch.  Tliat  these  disturbauces 
antedate  the  elevation  of  the  Terrace  epoch  is  shown  by  the  circum- 
stance that  tbe  Drift  (Champlain)  de[)0sits  rest  u|)on  au  eroded  surface 
of  the  Tertiary  (Eocene  and  Miocene)  rocks. 


(4)    K 

By  referring  to  tbe  map  it  will  be  seen  that  the  northern  line  of 
the  Buhrstoue  outcrop,  after  crossing  the  Alabama  River  just  below 
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Johnson's  wood  yard,  turns  sharply  northeastward  to  a  point  nearly 
east  of  Bell's  Landing  and  six  or  seven  miles  distant  therefrom.  Then 
it  turns  southward  six  miles,  sweeps  around  eastward  and  northeast- 
ward just  south  of  the  lower  prong  of  Flat  Creek,  running  up  as  far 
north  as  Gokerville,  near  the  line  between  Monroe  and  Conecuh  Coun- 
ties. Beyond  Cokerville  it  again  makes  an  abrupt  turn  southeastward 
and  crosses  the  extreme  southwestern  corner  of  Butler  County,  beyond 
which  point  it  has  not  been  continuously  followed.  The  two  extreme 
northern  points  above  noted,  namely,  that  east  of  Bell's  Landing  and 
that  at  Cokerville,  are  upon  dividing  ridges,  and  this  northward  exten- 
sion is  no  doubt  in  part  due  to  this  circumstance,  but  not  altogether. 
The  course  of  the  two  branches  of  Flat  Creek  has  also  much  to  do  with  • 
this  peculiar  surface  distribution  of  the  strata.  These  two  branches 
rise  near  Cokerville,  in  the  northeastern  part  of  Monroe  County.  The 
southern  branch  flows  southward  and  westward,  its  channel  being 
mostly  in  the  Wood's  Bluff  strata,  while  the  Hatchetigbee  and  Buhr- 
stone  form  an  escarpment  on  the  southern  border  of  the  creek  valley 
down  to  its  confluence  with  the  northern  branch.  The  latter  flows  at 
first  northward,  then  westward,  And  then  southward  to  the  point  of 
confluence  above  noted.  It  thus  flows  out  of  the  Wood's  Bluff  strata 
into  the  Bell's  Landing,  and  even  into  the  Nanafalia  beds,  coming  back 
in  its  southward  course  into  Wood's  Bluff  again,  six  or  eight  miles  above 
the  confluence. 

Northward  of  the  upper  branch  of  Flat  Creek  we  have  a  wide  area 
of  outcrop  of  the  Kauafalia  beds  in  the  Grampian  Hills  of  Wilcox 
County,  in  some  places  eight  or  ten  miles  in  width. 

Our  observations  have  not  given  us  the  complete  explanation  of  any 
of  these  irregularities,  and  this  mere  notice  of  them  must  sufiice  for  the 
present. 

CRETACEOUS   STRATA. 

The  Botten  Limestone  division  of  the  Cretaceous  in  Alabama  consists 
of  about  one  thousand  feet  of  calcareous  strata  of  very  great. uniformity 
in  lithologic  character  throughout,  and,  similarly,  the  strata  of  the  Eu- 
taw  division  are  cross  bedded  sands  and  laminated  clays,  possessing  no 
very  well  marked  features  in  any  part ;  and  th^  same  is  true  of  the 
beds  of  the  Tuscaloosa  formation.  While,  therefore,  we  might  expect 
to  find  disturbances  in  the  strata  of  the  Cretaceous  group,  such  disturb- 
lances  are  not  easily  recognized  in  the  two  great  subdivisions  of  this 
group,  by  reason  of  the  uniformity  in  lithological  composition  above 
noted.  In  the  upper  or  Bipley  formation  of  the  Cretaceous,  on  the  other 
h»nd,  alternations  of  sandy  strata  with  calcareous  and  fossiliferous 
strata  are  easily  identified,  and  disturbances  in  the  stratification  do 
not  80  easily  escape  detection. 

While  our  observations  in  the  Cretaceous  territory  have  not  been  so 
extended  as  in  the  Tertiary,  we  are  yet  able  to  note  a  few  instances  of 
well  marked  irregularities  in  the  Bipley  formation  of  this  groa^* 
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(Ij    CAXTOS   LA.VOl.VO.    ALASAMA   KIVER. 

In  tbe  river  blafl'  at  tliis  locality  we  Lave  the  following  section  of  the 
Eipley  strata: 

Section  al  Tiiiilon  LiintliKj.  .Hahama  Hirer. 

1.  Snrfaee  LwiU  ciiveriuy  lirBt  lerrocpof  tliB  river undetWTBilWd. 

8.  Light  gray,  calcareous  sunilii,  nith  itti  inilurntwl  ledge  of  nourly  pure  samlatoneit 
base (SfcM. 

3.  Bluiab  grnj.  K^Q'ly  clays,  pasalDgilnwDniinlsgriHlnAlIy  inton  moreuiady  beiloDD- 

luining  numerous  phospbatic  easts  and  nodnteN  (sandy  bed  3  fe«t  Ihiuk)  -.6  feet. 

4.  Blniab,  ar(;iliaceous,  ca1osre<iUB  beds,  lioldin^  great  nnmben  of  Erogura  MfMls. 

iiryphixa,  aud  casts 3  feel. 

5.  Blaiah,  cnlcBreons  sands  coutainioB  many  fossils,  chief  among  wbicli  a  SpomijtUi, 

nUautiliu,  ami  tuiTPted  sb ell b,  to  water  level 3  ft«t, 

In  one  place  here  a  block  about  50  yards  long  of  the  face  of  the  bluff 
has  been  broken  from  the  rest  of  the  strata  aud  settled  down  some  six  to 
eight  feet,  bringing  the  base  of  bed  No.  2  of  the  section  down  to  the  top 
of  No.  4  of  the  undisturbed  strata. 


The  figure  gives  an  idea  of  this,  and  it  is  to  be  remarked  further  that 
the  bodsof  tlieinaiu  bliiflfat  the  left  of  the  break  are  lower  than  those  at 

the  rij;ht  (with  reference  to  the  water  level)  by  two  or  three  feet. 


At  this  place,  as  noted  above,  we  have  at  the  top  of  the  liinft'  some  15 
or  -0  feet  of  fossiliferous,  ealcareons  beds,  including  part  at  least  of  those 
just  given  as  occurring  at  Canton  Laiidiug,  and  ln-Inw  tlicse  to  the  river 
level  .loiiie  llO  feet  of  sandy  strata  traversed  by  bands  of  indurated  siinds 
coiitaitiing  numbers  of  large  shells  of  (iryphiea  and  lixogyra.  These 
sandy  strata  Jiave  a  very  rapid  dip  down  stream  (southward)  of  some 
.ifK)  to  ;i.lO  feet  to  the  mile ;  while  the  calcareous  beds  at  the  top  of  the 
blutf,  according  to  the  recent  observations  of  Mr.  Langdon,  show  a  much 
less  decided  dip,  it  being  only  about  30  or  40  feet  to  the  mile.  This  may 
be  and  probably  is  due  to  the  cross  bedding  on  a  large  scale  of  the  sandy 
strata. 

A  mile  or  two  above  Prairie  IJIuff  we  have  another  exposure  of  these 
sandy  strata,  with  similar  rapid  dip  dowu  stream.  This  dip,  if  uni- 
formly continued  down  to  Prairie  Bluff,  would  bring  these  beds  300  to 
400  feet  below  the  visible  portion  of  that  bluff,  while  in  all  probability 
(-■84) 
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the  strata  of  the  two  bluffs  are,  in  part  at  least,  the  same,  and  it  is  prob- 
able that  between  the  two  places  these  strata  undulate  very  decidedly  or 
are  perhaps  faulted. 

(3)  MOSCOW,  TOMBIQBEE   RIVER. 

Some  of  the  calcareous  beds  of  the  Ripley  formation  are  exposed  along 
the  right  bank  of  the  river  from  Moscow  a  mile  or  two  down  stream.  In 
these  blufifs,  which  are  continuous,  about  fifty  feet  in  all  of  these  strata 
may  be  seeu,  and  there  is  no  diflficulty  in  following  any  particular  stratum 
to  its  disappearance  below  the  water  level.  The  strata  here  exposed  are 
the  following : 

Section  near  Moscow,  Tombigbee  River, 

1.  Black,  shaly  clay  like  that  of  Black  Blaflf,  supposed  to  be  Tertiary,  bat  devoid  of 

fossils 10  to  15  feet. 

2.  Dark  blue,  argillaceous  limestone,  with  thin,  projecting  ledges  of  harder  material. 

One  of  these  ledges,  about  8  feet  below  the  black  clay,  is  very  persistent,  and 
easily  followed  from  Moscow  down  to  the  cut  off  just  above  the  mouth  of  Sncar- 
uochee  Creek 20  to  30  feet. 

3.  Thin  ledge  of  shells  of  a  small  Gryphcsa 1  to  l^  feet. 

4.  Hard,  argillaceous,  white  limestone,  resembling  the  Rotten  Limestone,  containing 

many  Cretaceous  shells,  &aExogyra  ooatata,  Gryphcea  mutabilptf  &c.,  especiaUy  in 
the  upper  part,  which  is  indurated 25  feet. 

K'ear  the  top  of  stratum  No.  4  there  are  at  several  places  along  the  river 
hard,  sandy  ledges  of  very  irregular  shape,  and  discontinuous.  These 
sandstones  contain  comminuted  shells  embedded  in  a  sandy  matrix. 
The  thin  ledge  of  Gryphaea  shells  (No.  3)  and  an  indurated  ledge  near  the 
top  of  No.  2  are  easily  recognized,  and  they  serve  to  identify  the  other 
beds. 

In  going  from  Moscow  down  to  the  cut  off  we  see  that  the  above  de- 
scribed strata  are  not  only  undulating  but  at  seven  or  eight  places  dis- 
tinctly faulted. 

The  accompanying  diagram  of  the  right  bank  of  the  river,  carefully 
sketched  from  nature,  shows  very  clearly  the  character  of  these  dis- 
turbances and  renders  any  further  description  in  words  superfluous 
(Plate  X). 

VI.  r6sum6.  ' 

THE   FORMATIONS. 

The  general  section  forming  Plate  XXI  is  so  arranged  as  to  exhibit 
in  the  two  inner  columns,  by  conventions  and  descriptive  text,  the  struct- 
ure and  character  of  the  formations  exx)osed  along  the  rivers  traversed 
and  our  conceptions  of  their  relations.  The^ortions  of  the  sections  in 
which  the  conventions  are  introduced  are  constructed  from  observa- 
tions recorded  in  the  foregoing  pages  and  the  portions  left  blank  rep- 
resent those  parts  of  our  ideal  section  in  which  exposures  do  not  occur 
along  either  river.    In  the  two  outer  columns  are  exhibited  in  similar 
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manner  those  portions  of  the  formations  not  actually  seen  nloug  citlier 
river,  wliich  are  cither  exposed  iu  the  tmmeiliate  viciuity  of  the  rivere 
so  clearly  as  to  leave  no  doubt  as  to  their  stratigraphic  relations  or  elae 
disclosed  by  artesian  boringa.  These  two  colnmns,  therefore,  serve 
either  to  fill  out  the  missing  parts  of  the  river  sectioas  or  to  conlirni  the 
muasiiromenta  made  elsewhere. 

By  reference  to  the  text  and  to  the  general  section  it  will  be  seen 
that  in  the  Tertiary  gronp  we  have  been  able  to  fill  up  the  blanks  thus 
occurring  along  the  rivers  by  direct  raeaanrenient  of  the  esposures 
seen  ip  the  vicinity  of  the  rivers,  except  in  two  places,  viz,  just  below  the 
Bell's  Landing  section  and  below  the  Coat  Bluli'  section  of  the  Lignitic, 
The  stratigraphic  column  of  the  Tertiary  formation,  therefore,  with  the 
two  exceptions  noted,  is  constructed  from  actual  measurements.  From 
Ilie  known  thickness  of  the  several  divisions  which  we  have  made  ia  the 
Tertiary  and  their  extent  upon  the  surface,  we  find,  from  careful  obser- 
vations made  at  many  points,  thnt  the  average  general  dip  of  the 
Tertiary  strata  is  about  30  feet  to  the  mile  towards  the  southwest. 
There  are,  however,  undulations  and  vnriations  in  the  dip,  culminating 
in  the  vicinity  of  the  Tom bigbeeliiver,  where  1  he  disturbances  are  more 
conspicuoQS  than  anywhere  else  in  the  post- Appalachian  elastics  of  the 
Atlantic  ami  Gulf  slopes,  so  far  as  known.  These  have  been  described 
in  the  preceding  pages. 

Similarly  in  the  upper  part  of  the  Cretaceous  group  the  stratigraphic 
colnmu  has  been  constructed  in  great  part  from  actual  measnremeuts: 
but  in  the  lower  part  of  the  known  Cretaceous  and  in  the  whole  of  the 
Tuscaloosa  formation,  where  our  observations  have  been  If  ss  numerous 
and  satisfactory,  we  have  assumed  a  uniform  Konthwesterly  dip  of  iO 
feet  to  the  mile,  and  the  thicknesses  thus  assigned  to  the  imperfectly 
exposed  beds  are  only  approximations,  though,  as  we  think,  close  ap- 
proximations. In  the  artesian  boring  at  Livingston,  which  is  U))Ou  the 
extreme  southern  border  of  the  IJotten  Limestone,  the  thickness  of  this 
rock  actually  iienetrated  is  HSU  feet,  and  as  the  Rotten  Limestone  forms 
the  surface  between  Livingston  and  J]utaw,  a  distance  across  the  strike 
of  i!-±  miles,  the  average  dip  is  seen  to  be  about  iO  feet  to  tlie  mile. 

Some  of  the  leading  structural  features  of  the  formations  described 
may  be  recapitulated. 

The  newest  of  the  formations  exposed  along  our  i-oute  is  the  White 
Limestone.  It  consists  chieliy  of  regularly  bedded,  iaipure  limestone, 
with  intercalated  layers  of  marl,  calcareous  cl-iy  and  sand,  and  some 
ledges  of  pure  limestone.  Its  upper  portion  is  perceptibly  more  calca- 
reoiis  than  the  lower  and  con  tains  a  notably  greater  proportion  of  deep 
sea  fossils ;  but  neither  the  lithologic  nor  the  paleoutologic  features  are 
sufficiently  distinct  to  warrant  division  of  the  formation.  Its  position 
and  its  structure  alike  indicate  that  it  was  laid  dowa  iu  a  deep  and 

jrobably  deepening  sea. 
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The  Claiborne  formatiou  is  made  up  of  tolerably  uniformly  bedded, 
calcareous,  and  generally  glauconitic  sands  and  clays,  containing  rather 
shallow  water,  but  not  littoral,  fossils  mingled  with  deep  sea  organisms. 
There  is  no  conformity  or  clearly  marked  liuQ  of  demarkation  between 
the  Jackson  beds  of  the  White  Limestone  and  the  upper  calcareous  beds 
of  the  Claiborne,  the  one  grading  imperceptibly  into  the  other,  both 
lithologically  and  paleontologically. 

The  Buhrstone  deposits  are  sands  and  clays  variously  interstratified, 
generally  lithified  by  silicious  cement.  Some  of  the  clays  are  remark- 
ably pure  and  fine  grained.  The  fauna  is  meager,  but  of  facies  identical 
with  that  of  the  Claiborne. 

The  Lignitic  formation  comprises  three  well  marked  divisions  defined 
by  color,  which  is  here  an  index  of  constitution.  The  upper  one-fourth 
consists  of  irregularly^  bedded,  dark,  silicious,  and  lignitiferous  clays 
and  heterogeneous  sands,  approaching  the  basal  portion  of  the  Buhrstone 
formation  in  composition  and  structure,  interstratified  with  discontin- 
uous beds  of  lignite  and  continuous  layers  of  clay  and  sand  containing 
marine  fossils.  The  medial  three-fifths  of  the  formation  is  made  up  of 
rather  more  regularly  stratified  clays  and  sands  of  light  color,  frequently 
cross  bedded,  containing  occasional  beds  of  lignite  and  of  marine  sands 
yielding  littoral  fossils,  one  of  which  (the  Oryphcea  thirsas  bed)  is  60  to 
60  feet  in  thickness.  The  basal  deposits  are  irregularly  bedded,  dark, 
or  even  black,  calcareous,  shaly  or  slaty  clays,  with  few  fossils  or  definite 
beds  of  lignite,  though  considerable  quantities  of  carbonaceous  matter 
are  disseminated  throughout  its  mass. 

At  the  base  of  the  Lignitic  there  is  a  rapid  change  in  the  character 
of  both  rocks  and  fossils,  the  lowermost  15  or  20  feet  of  the  formation 
being  limestone,  at  first  argillaceous,  then  quite  pure,  and  even  crystal- 
line. This  crystalline  limestone  rests  with  apparent  conformity  upon 
the  yellow  sands  which  make  the  summit  of  the  Cretaceous  group. 

The  materials  of  the  Ripley  formation  are  generally  fine  and  uniformly 
bedded,  particularly  toward  the  summit,  are  predominantly  arenaceous 
at  top  and  bottom,  though  notably  calcareous,  particularly  in  the  middle 
layers,  and  ar^  often  richly  phosphatic.  The  formation  is  characterized 
by  littoral  or  offshore,  but  not  strictly  pelagic,  fossils. 

The  Botten  Limestone  consists  of  uniformly  bedded  and  tolerably 
homogeneous,  argillaceous,  or  rarely  pure  limestones  and  clay  marls, 
with  occasional  intercalations  of  clay  and  sand,  sometimes  glauconitic. 
Its  abundant  fauna  is  pelagic  rather  than  littoral. 

The  transition  beds  between  this  and  the  Eutaw  formation — the  Tom- 
bigbee  sand  of  Hilgard — are  predominantly  arenaceous  and  glauconitic, 
and  speak  of  shallower  waters  than  those  of  the  Botten  Limestone. 

The  Eutaw  deposits,  like  those  of  the  Bipley,  are  usually  fine  and 
uniformly  bedded,  though  t^ey  are  more  arenaceous  than  those  of  the 
latter  formation.  They  consist  of  alternations  of  sand  and  clay,  the 
former  often  cross  bedded  and  glauconitic,  and  the  latter  lignitiferous, 
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togctUer  TVitU  occasioual  liguitizeil  tree  n-uuks  and  intercalated  bt-ds 
'  of  liguitic  matter  or  jiebbles.     TLe  nire  fossils  lia\'e  a  littoral  asitet^t. 
So  HDCODformity  lias  bceu  fonnd  between  the  Eiitan-  and  Tuscaloona 
fonoiitioiia,  and  tbe  aiiuilarity  in  litliologie  cliurscter  and  attitude  of  tlie 
i  two  is  so  close  that  search  for  discordance  is  unpromising. 

Tbe  Tuscaloosa  formation  consists  of  a  great  series  of  inegularly  or 
>  obscnrely  bedded,  qtiartzitic  and  micaceons  Hiindfl,  often  cross  strati- 
[  fle<l ;  lieterogeneoua  clays,  sometimes  carbonaceous  or  ligaitiferons; 
lenticular  pebble  beds  (tlie  pebbles  very  commonly  of  chert) ;  and  dta- 
I  ooutiuuons  lignitio  layers.  With  the  exception  of  the  lignite  and  leaf 
impressions,  it  has  yielded  uo  fossils. 

The  coarse  sands  autl  laminated  clays  forming  the  base  of  the  Tusca- 
loosa formation  repose  unconfonnably  upon  the  eroded  surface  of  the 
:  Carboniferous  and  other  Paleoz-oiC  rocks. 

THE  GENESIS  OF  THE   I'OEMATIONS. 

I  A  preliminary  report  ou  ii  limited  region  is  scarcely  the  place  for  re- 
,  cording  a  chapter  in  the  evolution  of  tho  continent;  hut  wo  ai-e  con- 
.  vinced  that,  by  reason  of  the  poverty  in  organic  remains  of  many  of  the 
formations,  the  paucity  of  our  knowledge  of  the  geographic  distribution 
and  local  variation  of  their  faunas  and  doras,  and  the  nnity  and  aim. 
plicity  of  the  terrestrial  oscillations  to  which  they  are  referablo,  the 
Ceiiozoio  and  Mesozoie  fonnationa  of  the  Gulf  and  Atlantic  slopes 
iiiUKt  cvciiliially  be  cnrrdated  pliysiciilly  rather  than  i>alconto]ogically: 
and  we  at  liic  waiiie  time  eiiii)hasize  this  conviction  and  contribute 
toward  tlif  cliti'f  end  iif  jroiln^'ic  scicnrc— the  co-onlinatiou  of  terres- 
triid  ]il]i-rinmetia— li.v  s.^tliiig  forth  in  terais  of  written  languag.-  wliat 
weconwivc  to  be  th.-  Iiistory  recorded  in  the  Cemmjic  and  Me.sozoie 
rocks  of  Alabama. 

At  ail  niidelermiiied  eiiocli  in  the  Mesozoic,  the  southern  i-xtrt-uiity 
of  the  Appalachians,  tof;etlier  witli  the  I'iedmont  region  ou  the  east 
and  the  Cumberland  Plateau  on  the  west,  was  submerged;  and  the 
uneven  siivface  scniptured  by  subaerial  erosion  formed  an  iiregular 
shore  line  diversilied  by  a  multitude  of  estuaries  anil  a  highly  inclined 
and  unei|iial  mm  bottom.  Within  tiie  estuaries  and  upon  the  uneven 
sea  lioltiun  tlie  slioiig  <:nrreutH,  high  tides,  and  violent  waves  of  n  deep 
sea  coast  wiisbei!  bere  and  there,  assorted  rudely,  aud  liiially  deposited 
the  coarse  detritus  brought  down  by  nnuieroiis  streams  of  high  de- 
clivity—  the  upper  reaches  nf  river  eourses  slioiteued  by  siibiner;ience 
aiul  steepened  by  tiUiu;;;  the  strung  currents,  the  eotistaul  sliifling  of 
the  littoral  deposits,  aiul  the  vai'iable  salinity  of  tlie  estnaiine  and  shore- 
ward waters  (depending  upon  tiie  seasonal  and  iioii-penodic  varia- 
bility in  stage  of  the  jilliuenis)  were  inimical  to  organic  existence;  but 
leaves,  log.s,  and  other  vegetal  matters  were  oceasionally  swept  into  the 
sea  by  the  rivers.    The  downward  moveiuenl   during  this  epooU  was 
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intermpted  and,  about  the  middle  of  the  epoch ,  perhaps  reversed;  but 
in  general  it  went  on  progressively.  With  continued  deposition  a  sub- 
marine terrace  analogous  to  those  now  fringing  the  Atlantic  and  Gulf 
coasts  was  apparently  developed;  and,  with  the  growth  of  the  terrace 
and  consequent  shallowing  of  the  offshore  waters,  there  was  evidently 
a  diminution  in  strength  of  currents  and  violence  of  waves,  accompa- 
nied by  a  diminution  in  heterogeneity  and  coarseness  of  sediments. 
The  deposits  produced  by  these  agencies  are  those  of  the  Tuscaloosa 
formation. 

During  the  epoch  immediately  succeeding  that  of  the  deposition  of 
the  Tuscaloosa  formation,  so  far  as  our  present  knowledge  indicates, 
there  occurred  a  diminution  in  the  rate  or  perhaps  a  cessation  of  the 
downward  continental  movement ;  but  there  were  continued  growth  of 
the  submarine  terrace,  shoaling  of  the  sea  by  reason  of  sedimentation, 
and  some  recession  of  the  shore  line.  The  shoal  water  deposits  of  this 
epoch  constitute  the  Eutaw  formation. 

The  Eotten  Limestone  epoch  was  apparently  inaugurated  by  a  com- 
paratively sudden  renewal  of  the  continental  depression  and  rapid 
deepening  of  the  sea.  The  sands  of  the  Tombigbee  were  distributed  by 
the  advancing  waves  of  the  encroaching  sea,  and  in  the  deep  waters  of 
the  succeeding  episode  the  abundantly  fossiliferous  limestones  and 
marls  of  the  later  Cretaceous  were  laid  down.  During  this  epoch  the 
waves  of  the  Cretaceous  probably  lapped  upon  the  Appalachians  higher 
and  farther  inland  than  the  Tuscaloosa  shore  line. 

The  succeeding  epoch  was  marked  by  a  reversal  in  terrestrial  move- 
ment, progressively  increasing  coarseness  and  heterogeneity  of  sedi- 
ments, rapid  retreat  of  the  shore  line  down  the  gentle  slope  of  the  ado- 
lescent submarine  terrace,  diminution  in  salinity  commensurate  with 
the  relatively  great  (though  absolutely  constant)  influx  of  fresh  waters, 
some  commingling  of  terrestrial  plant  ddbris  with  the  sediments,  and 
diminution  in  abundance  of  marine  organisms.  The  deposits  of  the 
epoch  constitute  the  Eipley  formation  and  indefinitely  mark  the  closing 
stages  of  the  Cretaceous  period. 

The  Tertiary  was  introduced  by  a  continuation  of  the  Eipley  eleva- 
tion sufficient  to  produce  shoaling  of  the  ocean  over  the  then  broad  sub- 
marine terrace,  diminished  salinity  of  the  littoral  waters  and  consequent 
destruction  of  marine  organisms,  and  extension  of  the  terrestrial  flora 
and  commingling  of  its  remains  with  the  littoral  deposits.  There  is 
thus  a  paleontologic  but  not  (in  the  portions  of  the  formations  that  have 
resisted  erosion)  a  physical  break  in  the  sequence  of  events  and  in  the 
continuity  of  strata.  The  altitude  of  \he  land  with  respect  to  the  sea 
was- generally  persistent  throughout  the  Lignitic  epoch,  but  depression 
apparently  went  on  pari  i)assu  with  sedimentation,  and  there  were  occa- 
sional oscillations  and  consequent  incursions  of  the  sea  upon  the  land — 
notably  those  represented  by  the  Wood's  Bluff  and  Oryphcea  thirsce 
beds — and  excursions  of  the  terrestrial  flora  upon  the  coastal  marshes. 
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f  The  Lignitic  formatiou  is  the  analogue  of  the  Tuscaloosa ;  but  by  rea- 

IBon  of  the  lesM  acclivity  aud  the  less  ioequality  of  the  sea  bottom  and 
the  greater  regularity  of  the  shores  the  waves  and  currents  were  less 
violent,  and  iu  consequence  the  deposits  are  more  homogetieoue.  The 
Approximate  horizontality  and  the  shallowness  of  the  sea  bottom  are 
*  attested  by  the  great  geographic  extent  of  beds  referable  to  slight 
i  changes  in  depth  of  the  littoral  Avaters. 

[       From  the  initiation  of  the  Tuscaloosa  epoch  to  the  close  of  the  Lig- 
I  Qitic,  the  offshore  sediments  appear  to  have  beeu  pushed  progressively 
t  ferther  anil  farther  into  the  sea,  and  the  depression  accompanying  the 
i  sedimentation  appears  to  have  been  uniform  throughout  the  area  over 
,  which'the  depositaarenowexposed;  but  theLiguitic  epoch  was  appar- 
ently terminated  by  a  depression  (perhaps  due  to  its  own  weight)  of  the 
margtu  of  the  subaqueous  shelf  thus  formed,  aud  a  conseqneut  increase 
in  depth  of  the  off  shore  waters  and  ia  violence  of  waves  and  cnrreuts. 
These  conditions  induced  increased  heterogeaeity  and  coarseness  of  de- 
^  posits,  the  invasion  of  a  deep  sea  fauna,  aud  the  entombment  of  it« 
remains  iu  littoral  deposits.     The  formation  thus  developed  we  deuom- 
I  i&ate  the  Buhrstoue.    The  shore  probably  retreated  rapidly  aud  far 
inland  during  the  Buhrstone  epoch,  particularly  in  its  earlier  episodes. 
The  Buhrstone  epoch  waned  with  the  cessatiou  of  the  seaward  tilt- 
ing; and,  withtheconsequent  reconstruction  of  a  submarine  terrace  and 
some  concomitant  depression,  there  was  introduced  a  slight  physical 
change  in  the  character  of  the  deposits,  without  paleontologie  break, 
marking  the  iutroduction  of  the  Claiborne.     Throughout,  the  Claiborne 
epoch  depression  proceeded  somewhat   more  rapidly  than  t^edinieuta- 
tion,  and  with  increasing  depth  of  waters  went  increasing  homogeneity 
and  fineness  of  deposits. 

The  continuation  of  the  Claiborne  depression  was  accompanied  by 
gradual  moililication  iu  physical  character  of  the  deposits  aud  by  diftir 
eutiatidli  of  fauusi,  culminating  in  the  latter  part  of  the  White  Lime- 
stone epoch,  when  the  Tertiary  sea  reached  a  depth  approaching  and 
perhaps  equaling  the  maximum  attained  during  the  Cretaceous. 

During  the  Claiborne  and  the  White  Limestone  epochs  the  distribution 
of  sediments  was  apparently  such  as  again  to  bring  the  sea  bottoTu  to 
approximate  horizontality  ;  and,  with  what  appears  to  have  beeu  a  sud- 
den re-elevation  of  the  land,  conditions  similar  to  those  nmler  which 
the  Lignitic  formation  was  laid  down  were  once  more  introduced,  aud  the 
shoal  water  strata  of  the  Grand  Gulf  formation  —  the  homologue  of  the 
Lignitic — were  laid  down  upon  the  seaward  margin  of  the  White  Lime- 
stone. 

Thus,  our  preliminary  observations  suggest  the  moveuieuts  and  in 
some  cases  the  iiositions  of  the  Cenozoic  aud  Mesozoic  shore  Hues,  aud 
enable  us  to  say  that  the  breaks  in  stratigraphic  and  paleontologic  con- 
tinuity in  these  formations  are  apparent  rather  than  real  and  are  due  to 
simple  and  readily  determinate  continental  movements. 
(200) 
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PLATE  XII. 

SECTIONS  OF  THE  WHITE  LIMESTONE  ALONCi  THE  TOMBIGBEE  AND  ALABAMA  RIVESSy 
IN  PART  SHOWING  THE  RELATIVE  POSITIONS  OF  THE  WHITE  LIMESTONE  AND  THE 
CLAIBORNE  BEDS. 

Fig.  1.  Section  of  Salt  Mountain,  Clarke  County, 

1.  White  Limestone,  forming  Salt  Moantain.    This  limestone  consists  in  great  meas- 

ure of  masses  of  partially  silicified  corals.  In  the  lower  strata  compact,  crystal- 
line limestone  occars,  which  holds  plates  and  spines  of  echinoderms 150  feet. 

2.  Orbitoidal  White  Limestone  quarried  for  building  purposes 20  feet. 

Fig.  2.  Saint  Stephens  Bluff,  Tomhigbee  Biter. 

1 .  Soft  White  Limestone,  with  Orbitoides  Mantelli,    The  upper  half  contains  this  fossil 

in  great  abundance,  the  lower  part  more  sparingly.  The  lithological  character 
of  the  whole  70  feet  is  quite  uniform.  The  top  of  Saint  Stephens  Bluff  is  here 
represented  as  equivalent  to  the  top  of  the  orbitoidal  limestone  at  Salt  Mountain, 
giving  the  minimum  thickness  of  this  rock.  There  may  be,  however,  a  greater 
thickness  of  this  rock  than  here  shown 70  feet. 

2.  InduTAtedhed  of  Spondylus  dumodug 3  feet. 

3.  Light  yellowish  white  marl  or  argillaceous  limestone,  containing  nodules  of  phos- 

phate of  lime.    The  marl  itself  is  strongly  phosphatic 27  feet. 

Fig.  3.  Section  at  Baker's  EiU,  continuation  of  Saint  Stephens  Bluff,  showing  relative 
positions  of  the  White  Limestone  and  the  Claiborne  sands,  Tombigbee  River. 

1.  Orbitoidal  White  Limestone  forming  summit  of  hill,  passing  into  the  argillaceous 

limestone  below  (line  between  the  two  here  rattier  arbitrarily  drawn).... 25  feet. 

2.  Argillaceous,  glauconitic  limestone,  with  Pecten  perplanus,  Pecten  Poulsoni,  &o. 

This  is  the  same  rock  as  that  at  base  of  Saint  Stephens  Bluff,  half  a  mile  distant 
and  in  plain  sight.    The  strata  are  covered  at  intervals  by  debris. 

3.  Bed  vrith  Scutella  Lyelli,  1  foot  seen;  at  other  points 3  feet. 

4.  Coarse,  ferruginous  sands  passing  downwards  to  reddish  sand,  holding  the  usual 

Claiborne  fossi  Is  of  unmistakable  character ..15  to  18  feet. 

5.  Bluish  green,  glauconitic,  and  clayey  sands,  containing  the  i^/a&e7Ziim  found  at  Cof- 

feeville 8  to  10  feet. 

Fig.  4.  Strata  exposed  in  continuous  bluffs  between  Marshall's  Landing  and  Battleenake 
Bluff,  just  below  Claiborne,  shoioing  relative  positions  of  the  White  Limestone  and  the 
Claiborne  sands,  Alabama  River, 

1.  Orbitoidal  White  Limestone  of  the  usual  character 10  feet. 

2.  White  Limestone,  containing  great  numbers  of  Scutella  Lyelli  and  other  echino- 

derms   10  feet. 

3.  CalcAreons  clay  in  two  beds  of  five  feet  each,  separated  by  three  feet  of  soft, 

earthy  White  Limestone.  Below  this,  a  ledge  of  hard  limestone  three  feet 
and  eight  feet  of  blue  clay  with  fucoids,  becoming  more  calcareous  below,  in 
all about  24  feet. 

(293)  141 


,    142      TEBTIAKY  AND   CEETACE0U8   STHATA   OF  ALABAMA.      (BvtL.a 

4.  Ledge  of  hurJ,  white  Uiueatone,  foUon-ed  by  twenty  feet  or  more  of  argil laceoue, 
BOft,  white  Umoatont",  with  thin  projecting  ledges  of  purer limestoun  at  intervals. 
ReaembloB  the  Rotten  LiDiestoooof  Cretacuoas  fotmation aliont  35  fret. 

6,  Bed  oi Sculella  Lselli,  in  three  la;er»,  tUe  middle  one  ferraginons ,3  feet. 

B.  Coaise,  forraginoua  sand,  catcitreous  below,  hard  led)^  at  bottom 6  feet 

7,  Claiborne  feirngiuons,  foesiliferous  sands,  tho  coauterpsTt  of  those  at  Claiborne 

Bluff .- 10  to  12  feet. 

6.  Calcareons,  sandy  ola.v,  vlth  hard  ledge  in  middle 6feel. 

9.  Sandy,  clay  marl,  with  Oatrea  lellw/armit ;  fonror  five  hard  ledges  parsing  into 

greeuBand  below 13  feet 

Flo,  5.  Stctian  of  upper  part  ofblaffat  Clnibarue  and  of  j'nTi  of  hill  bael  ofblajf,  otoa^ 
the  road  la  Perdue  Hill,  Alabama  Birer. 

Hill  back  of  rirer  blaf. 

1.  Wiiite  Limestone  filled  with  OrWoidea  Alaiilelti,  oconrriog  on  road  lo  Perdue  Hill, 

lOU  feet  or  more  above  top  of  bluff  ut  Claiborne  Lauding.    Tertiary  strata  cor- 

I  eredby  Drift  along  road  leuliug  from  Perdue  Hill  up  to  Claiborne. .90  to  100  feel. 

j'        '  Tertiary  strata  covered  by  Drift,  at  top  of  river  bluff 33  to  40  feet 

i  Upper  perl  of  bluff. 

'   S.  While  or  bright  eolo red,  argillaceous  limetilotio  with  glauconite  grains 45  feet 

3.  Indurated  ledge  ot  ScittHla  LgtVi n  feet. 

4.  CoariH^,  ferruginous  saud,  catuarenua  below,  iuduratod  at  base ...G  feeb 

5.  Claiborne  fosailiferouii  aands,  ferruginoua.     Lignitic  in  places  above. .lo  to  17  fet^b 

6.  Bluish  greeu,  gtaaoonitic,  sandy  marl,  with  Oitrea  lellafortitig,  partiodtirate(].4fi>el. 

7.  CalcarooDs,  blnishgray  clay,  few  badly  preserved  fossile,  passing  below  into  t 

greenish,  glauconitic  marl  containing  great  numbers  of  young  Oilrea  ttllafor- 
mis  aiiil  11  f.'w  Pellena.  lugether  about  18  i'ect ;  below  this,  light  gcny,  calcareouj 
clay,  eimilar  to  lop  of  preceding  hard,  sandy  ledge  at  top  and  bottom,  7  ftet ;  is 
nil So  feet. 
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PLATE  XIII. 

IIXUSTRATIXO     THB    CLAIBORNK    STRATA    A3     EXPOSRI>    ALOXO    TUB    ALABAMA    AND 

TOMBIOBEB  RIVKRS. 

Fig.  1.  Section  by  C,  S,  Hale, 

No.  8.  White  Limestone,  thickuess  uot  given  by  Hale. 

No.  7.  Yellow,  quartzoso  eand,  highly  fossiliferous ;  seam  of  earthy  lignite  near  the 

middle 15  feet. 

No.  6.  Clay  bed,  with  Hhella  of  full  grown  Oatrea  8eU(rJ'orm\% 20  feet. 

No.  5.  Marly,  arenaceons  beds,  with  same 'shells  as  are  common  in  the  other  beds; 

thickness  not  given  by  Hale. 
No.  4.  Argillaceous,  muddy  deposits.    Fossils  mostly  oyster,  except  Venei'icardiaplani' 

costUf  Arcuy  and  Turritella  ;  occurs  also  at  Coffeeville 15  to  20  feet. 

No.  3.  Only  a  few  feet  at  Claiborne ;  greensand  rnoning  gradually  into  No.  4. 

Fig.  2.  Section  hy  Froftssor  Tuomfy. 

g.  Red  loam,  sand,  and  pebbles 30  feet. 

f.  White  and  mottled  clay 8  feet. 

r.  Limestone,  with  a  small  percentage  of  greensand 54  feet. 

d.  Sandy,  fossiliferous  bed 15  feet. 

c*.  Whitish  limestone,  with  bed  on  top  containing  Ostrea  aeUaa/ormia  and  Scutella 
Lyelli.    This  bed  passes  below  into  a  bluish  marl  with  shells 12  feet. 

b.  Bed  of  clay,  with  limestone  seam  on  top.  This  bed  is  more  calcareous  below  and  con- 
tains fossils  that,  as  a  group,  are  peculiar 15  to  18  feet. 

Fig.  3.  Section  by  E.  A.  Smith  and  L.  C,  Johnson, 

1.  Red  loam,  sand^  and  pebbles 35  to  40  feet. 

2.  Argillaceous  limestone,  with  greensand  grains 45  feet. 

3.  Indurated  ledge,  with  Scutella  Lyelli 3feet. 

4.  Coarse,  ferruginous  sand,  calcareous  below ;  indurated  ledge  at  base 6  feet. 

5.  Claiborne  fi)8siliferou8  sands;  ferruginous  sands,  with  shells;  laminated  lignitio 

clays,  with  leaf  impressions,  and  thin  seams  of  lignite  in  places  in  upper 
part 15  to  17  feet. 

6.  Bluish  green,  glauconitic  sandy  marl,  containing  Ottrea  aellccfomiia,  in  part  in- 

durated  3  to  4  feet. 

7.  Calcareous,  bluish  gray  clay,  with  a  few  badly  preserved  fossils,  passing  downward 

into  a  greenish,  glauconitic,  sandy  marl,  containing  great  numbers  of  young 
shells  of  Oatrea  sello^formia  and  a  few  Pectena,  the  two  together,  clay  and 
sand about  18  feet. 

8.  Light  gray,  calcareous  clay,  similar  to  the  preceding,  with  hard,  sandy  ledges  at 

top  and  bottom,  in  all about  7  feet. 

9.  Light  yellowish  gray,  calcareous  sands,  with  Pectena  and  Oatrea  atlU^formiaf  the 

lower  half  indurated,  containing  casts  of  univalve  shells about  5  feet. 
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ID.  Light  yellovFiab  grny,  cnlcnruaafl  sanilB,  Willi  tUiQ  beds  of  mori!  clayey  textiue 
nud  with  five  or  six  hard,  sandy  lodges  at  iolervals;  tbeaand  is,  in  places,  looH 
aDdcriitnlillDK,  and  quite  fOBSiliferoos,  with  04trraseUa'/ormU,  I'relen  DethanuH, 
Tiagatent o{ ScutcUa Lgelli,  Ste.,  lower 8 feet  aliluUh,  clayey  sand-aboat  S7fMt. 

11.  Bed  uf  greeusaud,  'with  perfect  itUells  and  fragments  of  Ottipa  trlla/ormit 
&c about  3  feet. 

IS.  Dark  blue,  nearly  black,  anndy  elay -.- .3  feet. 

13.  Ulnlsb  green,  clayey  sands,  fevr  fossils  above,  bot  highly  fusailiferous  below  and 

rather  more  clayey,  VeaericardiapIaiiieoilit,2fueulit  magnifiea,  Oilrea  atllt^artu*, 
Area  rliombodeVn,  I'oliila  Sagana,  TnrriltVa  Martcai,  T.  btlli/era,  &e 10  feet. 

14.  Dark  grayish  blue  greenaaud,  peculiar  Hniittl  fomi  of  nnei-iciirdia  planieoiUt,  laigo 

Turriiella  Morioui,  ^e.,  0  feet  &t  ClaiborDa,  bnt  1 0  foot  at  Lisliou. 

15.  Hard,  sandy  ledge 8  incbeo. 

V6.  Calcareous,  clayey  sands,  lighter  yellowigh  to  white  color .8  feet. 

17.  Coarse,  ferruginous  sands,  with  numerous  fossib 3  feet. 

Vi.  Light  yellow  sands,  capped  irilh  a  bard  ledge,  fi^nningperpendiciilarblnfl'.lSfBet. 

19.  Bine,  glaiicouitiu  sauds,  probably  a  modiScation  of  Id .S  fiwt. 

20.  Blnish  black  clay ;  loji  of  Iliibratone  contains  curious  concretions  of  sandy  oUj, 

like  interlacing  roots. 

Fio.  4.  Hcctiai' at  Coffarille  LandiHg,  Tombigbec  Eirer. 

1.  Light  yellowish  sands,  partly  indurated,  with  Oitna  lellceformit,  &c 3  feet. 

2.  Loose,  yellowish,  catoareoue  sands,  witli  Ottrea  tellt^ormia,     lodiirated  sand  ledge 

at  base 6  feel. 

3.  Loose,  yellowish  gray,  calcareous  sands,  bigblyfossiliferons  below,  Otlrea  aellir/ornii 

the  chief  form,  separated  from  next  by  hard,  sandy  ledge 10  feet. 

4.  Blnlah,  clayey  sand,  with  0§trea  teUa/orraU  and  FlabeVum,  ia  two  parts,  separated 

by  hnrdledyc:  upper  pnrt,  9  fcfit ;  Inwpr,  ;l  fcpt,  in  nil 12  feel. 

5.  OlaucoiiiticBiiudsJilled  with  comminuted  nud  perfect  shells  of  Osf mi  itllir/omii; 

&c ;!feel, 

fi.  Dark  l.lnisi)  l>lii,-k,  tmn-fossilifcroufl,  sand.vrlajs -i  fefl, 

7.  Dark  liluisb  gn-i'ii,  •:\iiyr\-  aami  to  water  level :>  tevl. 
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TEETIARY  AND  CliKTACEOUS  STRATA  OF  ALABAMA. 


PLATE  -XIV. 

f   THE    DCIIHSTO>"F,   STRATA   WITH    Till 


FiO.  1,  Seelion  at  LiMbox,  .ilabama  Rivti: 

1,  Ligbt  yellow Bftnds,  with glanconite,oat>i>edwit1i bard  lodge,  lower5  fcctof  blalth 

color,  base  of  Claiborne  rocks . SO  foet. 

3.  BInlsh  lilnck  Joiut«d  cluy,  sandy  ooncrotionsiii  upper  part 15  fact  i'. 

Fig.  2.  Stotian  at  Hanillon't  Landing,  Alahana  Hirer. 

1.  Light  gK7i  iudiiTstftd  clayaand  alumiDonB  sandBlones,  witboneor  two  iDdnnlt'^<I     i 
l«dg«a,  forming  Uie  whole  of  thelilaff  at  HamiltoirB  Laudlnj; T.'i  tevU     i 

FlO.  3.  Svolioit  Bxpottd  along  road  Imdin;;  vji  hill  west  of  McCarthy's  Ferry,   TomUfki    \ 

1.  Top  of  hill  wostof  McCartJif's  Ferry,  in  Cboctow  Connty.    On  the  roail  dowD  to   J 

tbo  ferry  iSO  to  370  feet  of  BabrsUma  roalca  are  passed  over.   These  consist  of  ludn-   I 
rated  cIdjb,  clayatoneB,  and  nluminons  anndBtoupa  ;  the  relative  positions  and  ordn    I 

of  succession  of  t lie  diflcrcnt  beds  not  intended  to  be   represented  in  fij;urfs    j 
TbeBorooksappeat  at  thoBurfacRat  short  int-ervaU  all  the  way .. exposed  MOfeet    | 

2.  Ledge  of  Bilii'ioiis  Kandstonn  or  quarlKitf ,  iutiTstralifu-d  wilb  indnratpil  clays. 

3.  Laminated  clays,  rcddinb  and   ycllowjah,  just  below  Buhrsloue   rocks   on   ruilil 

down  tbobill;"  strata  exposed  just  bank  of  Idnlfof  river. 

4.  Sandy  clays  &c.    (Continuation,  sec  Fi^'.  a,  Plate  XV.) 

I'm.  4.  Stctiov  of  iipiur  pari  of  ll'hilt'  IHnf,  brlow  ll'ond':*  Uliijr,  Tomhighce  Hirer. 

J  AlnniinonssandstojiPBaad  indurated  cbiys  wilb  joiuteil  stmctnro,  forniin™  .t  cU'ar, 
lierpeildjcniar  bluff II j  ft'i't. 

2.  Grayisb,  sandy  clays,  wilb  a  layer  1^  intlicH  tliiik  at  base,  fontiiininR  lijjnili?.-! 
stems  and  twigs ■.>Ofi'il. 

a  Sandy  clays,  lipiilic  layer  at  base :>  fiit. 

Vvi.  5.  Srclion  of  the  upprr  pnrl  af  JlaU-bili'jhie  Bliif,  Tombigbc-  7,'if.r. 

1.  Li  fib  t  colored,  alniuinona  sandstone  and  indii  rated  clays "20  to  TO  fefl 

a.  Sandy  clays,  brown,  yellow,  and  red,  intcrstratilied,  bluisb  when  wet,  bat  lighu' 

when  dry -Jt)  fwi 

a.  Heavy  bedded,  brownish  tlaj-e.  darker  than  the  preceding lOfifl 
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PLATE  XV.  , 

ILLUSTRAXmO  THE  HATCHETIGBEE  SECTION  OF  THE  LIGNITIC,  BUT  INCLUDING  ALSO 
A  PORTION  OP  THE  LOWER  PART  OF  THE  BUHR8TONE  AND  THE  UPPER  PART  OF 
THE  wood's  bluff  SECTION. 

Fig.  1.  Section  of  White  Bluff,  Davis's  Bluff,  and  Wood's  Bluff,  Tombigbee  Biver. 

1.  Bahrstoue  roeks,  chiefly  aluminous  sandstoDes  and  indurated  clays,  with  Jointed 

structure  and  prevailing  light  gray  colors,  forming  a  perpendicular  cliff.  115  feet. 

2.  Grayish,  sandy  clays,  with  a  layer  18  inches  thick  at  base,  containing  lignitio 

stems  and  twigs 20  feet, 

3.  Sandy  clays,  with  lignitio  layer  at  base 6  feet. 

4.  Strata  obscured  by  landslides 65  feet. 

5.  Dark  gray,  sandy  clays,  striped  with  brownish  purple  bands  of  clay  containing 

very  few  fossils,  except  in  a  thin  baud  of  marl  12  feet  above  the  water  and 
one  24  feet  above  the  water,  all  exposed  in  Davis's  Bluff 70  feet* 

6.  Dark  gray  to  brown,  sandy  clays,  between  Wood's  Bluff  and  Davis's  Bluff. .  10  feet, 

7.  Bluish,  sandy,  fossiliferous  clay,  red  on  surface,  hard  ledge  at  top 3  feet. 

8.  Bluish,  sandy  clay,  like  No.  7,  but  not  fosfriliferous,  passing  into  greensand  be- 

low   7  feet. 

9.  Fossiliferous,  clayey  greensand 3feet. 

10.  Greensand  marl,  with  stratum  of  ponderous  oyster  shells,  highly  fossiliferous ; 

tends  to  form  rounded  bowlders 10  feet. 

11.  Fossiliferous  greensand,  loose  and  easily  washed  out,  forming  caves  under  the 

bowlders %. 8  feet. 

12.  Thin  baud  of  lignite  over  greenish,  non-fossiliferous,  clayey  sands 5  feet. 

13.  Laminated,  gray,sandy  clays 3  to  4  feet. 

14.  Lignite 8  feet  or  more. 

Fig.  2.  Section  at  Hatchetigbee  Bluff,  Tombigbee  Biver, 

1.  Drift  and  surface  materials,  light  colored,  aluminous  sandstones  and  indurated 

clays,  Buhrstone  rocks 20  to  30  feet. 

2.  Sandy  clays  of  brown,  yellow,  and  red  colors,  interstratified,  blue  when  moist, 

lighter  color  when  dry 15  to  20  feet. 

3.  Heavy  bedded,  brownish  clays  of  darker  color  than  No.  2 10  feet. 

4.  Yellowish,  glauconitic  marl 3  feet. 

5.  Purplish  brown,  sandy  clays,  with  band  of  hard,  dark  colored  clays  in  middle,  pro- 

jecting   15  feet. 

6.  Yellowish  gray  sands,  striped  with  brown  clays,  forming  bowlders  at  inter- 

vals   • • 6  feet. 

7.  Blue  clay  marl,  sandy,  many  now  forms 5  feet. 

H.  Grayish  sands  striped  with  brown  clay  bands,  bowlders 4  feet. 

9.  Heavy  bedded,  gray,  sandy  olays,  with  brown  clay  stripes,  indurated  at  base. 8  feet. 

10.  Reddish,  fossiliferous  sand,  Venerioardia  planicosta  &hx\ndaut 5  feet. 

11.  Dark  gray  to  brown,  sandy  olays,  to  water's  edge 15  feet. 
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Fill.  3.  Stelion  nl  MeCarUis'i  Ferrj,  Tombighm  Ritcr. 

1.  Diihratone  rocks  cxpoood  uloug  roml  loatfiug  up  the  hiU  fhim  UcCartlij'H  Feny. 
See  Fig.  3,  PI.  XIV. 

S.  Idimiiiateil  clays,  r^diaL  and  yol1o«'i«li,  contniaing  tta  iodarated  greensand  mail 
with  llatcbetigli«>e  fussilH,  eipoaed  iii  bill  above  the  blaff  and  iuterveuiug  between 
the  Htmta  aoea  in  Ihn  river  blufF  itad  tUe  aluiuinoiis  ruclia  uf  Ibe  BiibretOQe  a«ca 
bigher  up  tbeliill. 

3.  Sandy  clays  iateTstralified  with  clayii  leas  sandy,  ligbtgray,  along  the  it  hole  length 

of  the  blnff.     Therrf'are  patalliil  bands  of  mach darker  brown  clays...  65  feet. 

4.  LaDiinated  clays  and  sands,  firm  and  compact  at  base,  and  forming  projecting 

ledge 5  feet. 

5.  Fyritons  sandy  clays,  with  two  or  three  bniida  of  darker  color,  indarated  in  pla« 
forming  bowlders 80  fi 
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PLATE  XVI. 

ILLUSTRATING  THE  WOOD'S  BLL'FF  OR  BASHI  AND  BELLAS  LANDINO  SECTIONS  OF 
THE  LIONITIC,  AND  INCLUDING  THE  LOWER  BEDS  OF  THE  UATCHETIGBEE  SEC- 
TION. 

Fig.  1.  Section  at  Yellow  Bluff,  Alabama  Hiver, 

1.  Gray,  sandy  clays,  with  cross  bedded  sands.    Forty  feet  seen  in  one  exposnre  in 

river  bank  and  90  feot  more  seen  on  the  hills  wichin  1  mile  of  the  river.    Only 
the  lower  40  feet  occurring  at  river  are  here  shown 40  feet. 

2.  Greensandmarly  Wood's  Blnff  fossils 6  feet  or  more. 

3.  Blue  clay 1  foot. 

4.  Gray,  sandy  clays  of  slightly  purple  tinge,  containing,  four  or  five  thin  seams  of 

lignite 40  feet. 

5.  Reddish,  cross  bedded  sand 20  feet. 

6.  Lignitio  clay  and  lignite • 2  feet. 

7.  Reddish  sands,  slightly  laminated 15  feet. 

8.  Gray,  sandy  clays,  laminated,  forming  perpendicular  cliff 25  feet. 

9.  Greensand  marl,  indurating  into  bowlders,  Bell's  Landing  fossils 8  feet. 

10.  Greenish,  ferruginous  sands  interlaminated  with  thin  sheets  of  clay  to  water 

level 7  feet. 

Fig.  2.  Section  at  BelVs  Landing,  Alabama  River, 

1.  Yellowish,  cross  bedded  sands 15  feet. 

2.  Lignite 2  feet. 

3.  Laminated,  sandy  clays,  with  a  few  large,  bowlder  like  concretions 10  feet. 

4.  Yellow,  stratified  sands,  altematiug  with  gray,  sandy  clayH 15  feet. 

5.  Gray,  ^ndy.clays,  laminated *; 15  feet. 

6.  Greensand  marl,  forming  bowlders,  gigantic  shells 6  to  10  feet. 

7.  Dark  gray,  laminated,  sandy  clays 25  feet. 

8.  Sandy,  clay  marl 1  to  2  feet. 

9.  Dark  gray,  sandy  clay  to  water  level 4  feet. 

Fig.  3.  Section  at  Pieblcit'a  Landing^  Alabama  River, 

1.  Yellowish  sands 1  to  2  feet. 

2.  Lignite  and  lignitic  clay 2  feet. 

3.  Reddish  sands,  laminated 10  feet. 

4.  Gray  clays  and  sands,  variously  interstratified about  30  feet. 

5.  Greensand  marl,  forming  bowlders.  Bell's  Landing  fossils 8  feet. 

6.  Dark  gray,  sandy,  laminated  clays 25  feet. 

7.  Strata  covered  by  second  bottom  deposits,  down  to  water  level 20  feet. 

Fig.  4.  Section  at  Gregg's  Landing^  Alabama  River. 

1.  Greensand  marl,  forming  b'^wlders.  Bell's  Landing  fossils 8  to  10  feet. 

2.  Qt&y,  sandy,  laminated  clays 20  to  25  feet. 

3.  Sandy  clay  marl,  fossiliferous 4  to  5  feet. 

4.  Laminated;^  sandy  clays  to  water  level 10  feet. 

(309)  ^^-t 


158  TERTI4BY  ANU  CREI'aCKOUS  STRATA  OK  ALABAMA.       i.'ULi-tt 

yio,  .'i.  SeetioM  at  hotter  Peach  Trei'  LanAhoj,  Alabama  River. 

1.  Sauil.v,  lamiimtBtl  elajB,  top  of  blaff 10  feet. 

S.  OreeosADil  marl,  foruiliig  bowlders,  Bell's  Landiug  fossUa 8  to  10  f«el. 

3.  Laminated,  sandf  claf a  of  gray  culor  but  with  rodilUli  layera 20  tdSSfecL 

4.  Bluiab,  saody  clay  marl,  Gregg's  Laudiog  iossiU 4  to  5  feet 

It.  ftauily  clays  of  prevailing  gray  color,  vuryiag  in  dtgrae  of  saDdiaoHttinilcoftroeDew 

of  lamination.     Vo  foHfils  obsorveil 50  feet. 

€.  Fosailiferou«  grcensand 1  foot 

7.  Gray,  sandy  clays  to  wntur  levol 10  feet- 

Fia.  6.  Seclioa  at  Tiucahoma  Laailing  and  up  to  Shaguaboica  Creek,  Tombigbee  R'mer. 


1.  Laminated  sands,  ioteTstratiGed  nitli  clayey  nlieuta,  upper  p^irt;  lower  part,  in- 
durated sands  with  two  liuea  of  ferruginous,  bonldeclike  conorations,  oueatbaae, 
the  other  ten  fuet  above ..SOfeeU 

5.  Light  bluish  gray,  sandy  claya,  striped  with  Bomewhat  harder  prqjecting  bondsai 

lodges 35  to  40  feet. 

3-  GKeneaad  marl,  BcU'a  Landing  foesils;  tbrw  fe«t  blue  clay  in  niiddle..6  to7f«et. 

4.  Bluish  black,  massive  clay 8  feel. 

B.  Sands  passing  into  sandy  clajg  below  ...... 5  feet. 

6.  Lighter  colored,  cross  bedded  sauds  above,  with  sands  and  clay  interalratified  be- 

low  8  feet. 

Kin.  7.  Stetian  at  Wuod'i  Bluff  and  Baahi  Crtek.  Tombigbn  Ititcr. 

j|  porple,  Bandy  clays,  lower  beds  of  llatchetighoo  eeotioo. 

'  ty,  ledou  surraoo,  hard  lodge  on  top 3  feet. 

j^bnt  not  fowllirerous,  passing  into  greeusand  be  low. 7  feet. 

l^'oasiliferons,  clayey  greensand 3  feet. 

I>.  Greeusand  u^iirl,  main  bed,  with  A><trntiitu  of  poudcrous  oyster  shells;  highly  fus- 
BilifcroHS  sands  forming  bowlilvrs 10  fett, 

6.  PoawilifiTous  greeiiMnd,  loose  and  ^■a^iIy  washed  ont,  forming  eavra  litloiv  tlie 

ImwldfTfl rtfeet. 

7.  Th(nb;iudsoriiKii>toovi.[-j:n.L'ni-li,  iion-fii-,ilifer.>n«.,  I'layey  winds .'■.  feol. 

h*.   Laniin;.led,  gniv, sandy  ^■la,v^ 3  to  4  f,^-t. 

a.  Lignite -■ ....1  loot, 
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PLATE  XVII. 

ILLUSTRATINQ  TUB  NANAFALIA  AND  COAL  BLUFF  SECTIOKS  OF  THE  LIGNITIC. 

Fig.  1.  Sections  at  Gullette'a  Bluff  and  Coal  Bluff,  Alabama  Biver, 

Gullette'a  Bluff. 

1.  Red  loam,  sand,  &c.,  of  Drift,  at  the  top  of  the  bla£E...   10  feet. 

2.  Indarated,  glauconitio  clay 3feet. 

3.  Gray,  sandy  clays,  alternately  thinly  laminated  and  heavy  bedded  or  mass- 

ive   19  feet. 

4.  Very  green,  glauconitio  sand 2  feet. 

5.  Gray,  sandy  clays,  similar  to  No.  3  above 20  feet. 

6.  Fossillferous,  glauconitic  sand,  first  of  Gryphaa  ihiraa  beds 3  feet. 

7.  Compact,  yellowish  sands  with  Oryphaa  thirao!,  capped  by  hard  ledge,  forming  ver- 

tical cliflf 13  feet 

8.  Indurated  sands 2  feet. 

9.  White,  cross  bedded  sands 12  feet. 

10.  Bluish  sands  in  a  vertical  clifif;  contaLins  GryphcBa  thiram  ;  indarated  ledge  in  mid- 

dle and  at  bottom  of  the  bed 20  feet. 

11.  Bluish,  clayey  sands,  with  Gryphasa 10  feet. 

12.  Sands  with  Gryphcpa  thiraaSf  traversed  by  several  indurated  ledges  down  to  water 

level;  darker  colored  and  more  clayey  below ...20  feet. 

Between  mouth  of  Puraley  Creek  and  Coal  Bluff, 

13.  Greensand,  mouth  of  Pursloy  Creek. 5 feet. 

14.  Sands  capped  with  indurated  lodge 3  feet. 

15.  Clayey  sands ;  indurated  sandy  ledges  at  top  and  in  the  midst 6  feet. 

16.  Indurated  greensand 3  feet 

17.  Softer  greensand,  out  of  which  caves  are  washed 5feet 

18.  Greensand  of  firmer  texture,  with  1  foot  of  brownish  sand  at  bottom 8  feet 

19.  Lignite  of  Coal  Bluff 4feet 

20.  Firm,  gray,  sandy  clays  appearing  j  nst  above  Coal  Bluff  Landing 10  feet. 

Fig.  2.  Section  in  Grampian  Uilla,  2  /o  3  miles  aouth  of  Camden,   TVilcox  County, 

• 

1.  Light  colored  sand  and  clayey  rocks  2  feet,  and  2  feet  sandstone  with  shell 

casts 4  feet 

2.  Gray  clays,  indurated,  closely  resembling  Buhrstone 10  to  15  feet 

3.  Light  colored,  sandy  clay  rock,  full  of  shell  casts,  chiefly  Turritella • .  .5  feet 

4.  Gray  crumbling  clays,  weathering  into  small  bits 5to6  feet. 

5.  Hard,  glauconitic,  sandy  clay  with  shell  casts  breaking  into  cuboidal  blocks . .  3  feet 

6.  Gray,  indurated  clays,  glauconitio  in  places,  and  like  some  of  the  Buhrstone 

clays 12  to  15  feet 

7.  Greensand,  with  casts  of  Gryphcea  thirsas 2  feet. 

8.  Greensand,  in  places  converted   into  a  yellowish  sand,  holding  the  Gryphaa 

thir8(B .'. 10  feet. 
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0.  Yellon-aaads,  nilh  Urypltra SfnaL 

10.  Bed  i>f  GrypA<Fa  shellH 1  foot 

U.  YollotTiuiadB, with GryphM, and foniiiDgbanldeni,6to8feGt;  iDaI1..13tal4fbet 

FlO.  3.  SceUott  oa  Purilej   Cntk,   ITilooi  Coantj,  Camdt»  a»d  Btaek'a  Bluff  road. 

>1.  Bed  iMn,  sand,  &.e.,  of  Drift. 

'■%  Dork  oolorud,  crumbling  ■uidj'  cla;a 5fe«<. 

i.  Sauda,  with  Grgpkaa  lliiraa  and  a  fen-  other  fuBsib liUt7  tMl. 

■4.  Thlu  bedded  sands  and  sandf  cUfa 15  tlHeL 

5.  Yellotriah  gray,  crosa  licdded  sands,  with  iudiirateil  bowlders  of  saniQ  mat«ciala; 

thsise  sands  lioldalsn  thin,  lenticular  shei^ts  of  gi'af  eUf 35  feet. 

6.  Interutratllied  sauda  and  clays  of  gray  ith  color,  with  shades  of  yellow,  ratber  tbto- 

bedded 15  feet. 

7.  Gray,  sandy  clays  in  banks  of  Pursley  Creek 6  fuel. 

8.  Lignite  or  lignitic  clay,  bed  of  Paraley  Creek. 

Flo.  4.  Strata  erpoaed  on  Tomhi^bee  Rieor/rom  rnculh  of  Oorte  Crerk  up  lo  Xanafulia  ; 
alio  •cet'uni  on  Landmm't  Cretk. 

iloiilh  of  HoTtt  Crtek  lo  (lay'i  LatidiHy. 

1.  Gray,  aaudy  clays,  fonniug  banks  of  river  betwoon  moutli  of  Ilaraa  Creek   and 

Wiliiauui'a  Qiu,  and  dliiictly  uverlyiug  tUe  lied  at  the  last  named  place. m  h-vl- 

'  It,  Oray,  SMidy  clayi,  tblu  lieddvd,  and  in  Joint  pl&oes,  pasaiug  below  into  a  hard, 

MiBdy  ledge 8fi>«t. 

3.  Indnral«d  greenaand,  with  Grgpluea  IhirM" i  feet. 

4.  Dark  blue  black  eUya,  with  thin,  Arm  ledgw fifeet. 

E.  Iudatat49d  sands,  with  Gryphcea  Ikirta: 2  feet. 

G.  IHiiiKb  lilnc-k,  Hrtii'ly  rliiy.i - S  ft-f  t. 

7.  GliMjusaiid,  with  (Jriiphaa  Ihirsa-,  iiassiiigbuluw  iulu  fjray,  sandy  clay.  5  feet  or  more. 


e.  I(l:ick,  Hiiudy  cl.iy.fossilifiTOiiK _...4 

■J.  Sand)!,  with  Grsphaa  thiisa;  ciiis«bi'dd>il  in  I'lui'cs i 

10.  Dark  gray,  aaudy  clay,  with  fi-iv  fris-iils L! 

11.  Greeusaiid,  with  an)phaalhii!t<r.  farming  biud  liuwldurs  in  jdacfs lu 

.V.,„«/„/,„  !.,.„dh,g. 

I'i.  Grecnaand  inarl,  highly  fi)snilifi'Lous,  with  (li-ijphra  Ihirsir  and  other  furms; 
of  indurated,  projecting  l)o«ldiT»  uUiii^  con  I  nil  part  of  bed 20 

13.  Dark  liiue,  almost  black,  hiuiiinited  clay,  dovoid  of  f.mils :i  to  4 

14.  Ithiisb  groensand  marl,  highly  foniiliforoin  below,   (Irypltaa  thir»<p  and    i 

forms 8  lo  U 


If..  Bluish,  micacraus  sandH  ov-.Tlyuig  liyiiiic 

KlulV 

m,  LigQitecxi)oaed(.iil.:i.i.lnLiii-dCr(.-i'k 

17.  Gray,  sandy  clays 
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PLATE  XVIII. 

ILLUSTRATING  THE  OAK  HILL,  PIXK  DARREN  SERIES,  WniCH  INCLUDES  THE  NAHB- 
OLA  AND  MATTIJEWS'S  LANDING,  BLACK  BLUFF.  AND  THE  MIDWAY  SECTIONS  OF 
THE  LIGNITIC. 

Fig.  1.  SeetUm  at  Oak  Hill  and  on  Pine  Barren  Creek, 

1.  Cross  bedded  sands  and  thinly  laminated  clays,  mnoh  weathered  and  with  diffi- 

culty distinguished  from  the  red  loam  Sec,  of  the  Drift 25  feet. 

2.  Gray,  cross  bedded  sands,  with  thin  laminsB  of  dark  gray  clay.   These  beds  are  much 

the  same  as  the  preceding,  but  are  much  less  weathered 40  feet. 

3.  Cross  bedded  and  laminated  sands,  yellowish l^feet. 

4.  Thin  bedded,  gray,  laminated  clays,  interstratified  with  thin  ledges  of  cross  bedded 

sands ^ 30  feet. 

5.  Sands  1  foot,  clays  1  foot,  sands  1  foot 3  feet. 

(3.  Gray  clays  interstratified  with  cross  bedded  sands 6  feet. 

7.  Gray,  cross  bedded  sands 3  feet. 

8.  Gray  clay,  breaking  up  into  cuboidal  blocks,  and  interstratifled  with  sandy 

ledges 15  feet. 

9.  Black  to  gray,  micaceous  sands,  with  the  fossils  of  Matthews's  Landing,  dark  at 

top,  lighter  and  glauconitic  below 7  feet. 

10.  Glauconitic  sandy  ledge,  calcareous 1  foot. 

11.  Yellowish,  calcareous  sands,  with  phosphatic  and  white  lime  concretions;  crus- 

tacean remains  iu  upper  5  feet ;  several  hard,  shaly  ledges 12  feet. 

12.  Glauconitic,  sandy  shales,  with  indurated  ledge  at  top 10  feet. 

13.  Sandy,  shaly  beds,  with  indurated  ledges 6  feet. 

14.  Hard,  yellowish,  sandy  limestone,  phosphatic 3  feet. 

15.  Yellowish,  calcareous,  clayey  sands,  with  white  lime  concretions,  grayer  and 

more  clayey  below  ;  Black  Bluff  fossils  abundant 15  feet. 

16.  Black,  calcareous  clays,  gray  on  weathered  surfaces;  Black  Bluff  fossils,  espe- 

cially in  upper  part.    This  forms  basis  of  the  prairie  soils. 20  feet. 

17.  Hard,  grayish  white  limestone,  used  for  chimneys,  &o.,  containing  a  large  Nau- 

Hlua 10  feet. 

18.  Calcareous  sands  forming  basis  of  the  sandy  p  rairies 6  feet. 

19.  Hard,  yellow,  crystalline  limestone,  with  Ostrea,  Turritella  Mortoni,  and  Venericar' 

diaplanicoBta 8  feet. 

20.  Yellow,  micaceous  sands,  with   Ripley  fossils—seen   on  road  above  Palmer's 

MUl 65  feet. 

21.  Bluish  gray,  calcareous  sands,  with  projecting  sandy  ledges,  on  Pine  Barren 

Creek 15  feet. 

Fig.  2.  Section  on  the  Alabama  River, 

Coal  Bluff, 

1.  Bluish  greensand  over  lignite. 

2.  Coal  Bluff  lignite 4  feet. 

3.  Compact,  clayey  sand  underlying  lignite. 
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Harford' a  Landing. 

4.  Gray,  crosa  bcddeil  aauda  nltcrnnUDg  witli  lamina'  of  gra;  ^^i*lli  Barford'a  Lkiid* 
ing lOfoek 

Walnut  JilHff. 

B.  Ligljt  jollowifili,  Froaa  licdiM  wiikU,  Wulnut  Bluff. 

Turktg  Crfrk  to  Cltfttm. 

«.  Gray  or  li!ni«li,  swidj  olnyg,  forming  river  banks  from  mouth  of  Tatkey  Creek 
li)  Clifton,  of  variable  dip  aud  lieocB  of  oQdetnr mined  thickness 

7.  Djrk,  gray  Handy  olays  at  Cliftou  and  ab»ve,  nearly  to  moatb  of  DioksOD's  Crwk. 
Thti  bugiunin);  of  tbe  Matthews'^  Landing  beds 10  fi^i'L 


MalllieKa'g  Landiag. 

8,  RlniBh  liincU,  raicupoona  winds,  hlgbly  rueailiferonB r>  toi!  feot. 

■•,  ycllnwlsli((rny,o(iloo.reoiiaBuiidB,  iudurnlirig  ititobnwIdurB 4  foet, 

KL  Blaidh  black,  miotweous  snndB,  funilife^un,  compact  and  olayny  bolaw.?  to  H  tuvt. 


11.  Black,  calcareous  clny  OTerlying  tbeNantlhia  Ruck 

IS.  Gray,  argiUaoeoua  limestone,  with  nnmoroiis  largo  EacUatalooeraa  Ulrichi . 

FlO.  3.  Seetiont  on  l>ie  Tombigbte  Rirrr. 

Mout\  of  Beater  Crerk  to  Nalmota, 

[la,  with  projecting  lioirldcra  of  iiiiliirated  snnd  nr 

thill  clay  partiugsat  int«rv;ils,  sci-n  just  IwlowTompkins- 

•JO  f,-,'t. 


s. 
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lir 
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iy,  Siindy  clay 
ngH,  Tompkin 
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tk,  Hlaly  tlay 
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,66  TERTIARY  AND  CRETACEOUS   STRATA  Of  ALABAMA.        [nLtL-tt 

llurfordft  Landing. 

A.  Oray,  croas  Iiulileil  aauds  nltorDating  with  Inininiii  of  graj-  cluy,  BurTunl's  Laud- 
ing lObcl. 

IFalnut  Bluff. 

,  S.  Liglitfollowisli.  croDs  liedilod  sands,  Walnut  ItliilT. 

6.  Gray  or  bluish,  sajidy  cluys,  riirmiiin  river  banks  from  moath  of  Tnrkey  Cre*k 
j>  CUflon,  nf  varinlilo  dip  ami  Lenca  fii  uudolerminod  tbickness. 

7.  Djrk,  gray  Bondy  clays  at  Cliftoii  nod  abova,  noarly  to  month  of  Dickson's  Cnwk. 

TbebegiuDin^of  theUaltbens's  Lauding  beds 10  foct. 

MatifiBKa'e  Landing. 

\.  Bin iab black,  nioacoous  sands,  bigbl.v  fo8ailir>>roiis 5  to  6  feet. 

t  9.  yellowi»hgrQy,caloareou8BaudH,imliiruliiig  into  bowlders 4  fi-et 

^tO.  Bluish  block,  miooooo us  sands,  foBsiiifeojus,  compaet  andrlnyoybelow.TUjS  feet. 


i 


gtU  Black,  calcareous  clay  overlying  the  Naittilus  Rock 

Gray,  argiUaceoua  limestone,  witb numorous  large  £^nc(iiiifl(onTa»  Ulricki.. 


Fig.  3.  Sectiant  on  fUe  Tomblghee  EiPer. 
Movlh  of  Beater  Creek  1o  Xaheela. 

1.  Coarse  grained,  micaceoiis  snuds,  with  projecting  botrlilcra  of  jn<lura(e<l 

sandatoncB,  nofossil.i,  tliiuclay  partings  at  in  tcrculu,  seen  jtist  bolow  Tompkins 
villc - ^0(V.l 

2.  ClC.SSbL'd.l.-d8:i11.1:!,jll.St  Kl.MV  T.i.ii].liiuHvill,. 10f,..,.| 

3.  Gray,  siindy  clays,  altcriialing  ivilh  li'ilgca  of  indurated  sand  and  thin  clay  pnn 

ings,  Toinpkinsvilt..  BliLir,iii>f..n.tils ::iO  ft-el 

4.  firay.  Bandy  clays,  with  ledges  of  sandi-T  t.'stiiro  and  ligblcr  color SI)  fci 

fi.  ISlaek,  muidv  Hav,  will,  indurated  ]ed-;e  of  grren^and  nbi.vn.  in  all ;i  f.-vi 

n.  (ir>-<-nsand  marl,  capped  ivitb  hard  le.lge,  ferriigiiions n  f.  H 

7.  Black,  slaty  clay,  reeiirring  at  all  the  bluffs  abovo  this  to  lilack  liliiff ID  f^. 

BUvl.  lituff. 

5.  Yellowish  clay  at  top  of  blnlT.   Tliis  clay  is  llic  basiiiof  llie  Flativoods 3*1  fee' 

I),  lilack,  slaty  clay,  ainiiigly  i-:ilcarcotis  li^lliferous  (Illack  Illiill' fossilti)..  .-10  r,-.-i 

The  lower  part  of  tbU  division  is  ci.ver.-d  vvUli  siiignlaily  shaped  coiicretim 
oflinionitE^. 
10.   llrowuiah,Bhnly  clay  111  the  water  level HI  f,-,. 
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PLATE  XIX. 

ILLUSTRATING  THE  RIPLEY  FORMATION  OF  THE  CRETACEOUS  GROUP,   ALABAMA  AXD 

TOMBIGBEE  RIVERS. 

Fig.  1.  Falmer'B  Mill,  on  Fine  Barren  Creek. 

1.  Hardy  yellow,  crystalline  limestone,  with  Oatrea,  corals,  Turritella  Mort&ni,  Veneris 

oardia  planiooeta,  &c • 8  feet. 

2.  Yellow,  micaceous  sands,    with   Ripley   fossils,  seen  on  road   above   Palmer's 

Mill 55  feet. 

3.  Blaish  gray,  calcarooas  sands,  with  several  projecting  sandy  ledges,  to  level  of  Pine 

Barren  Creek 15  feet. 

Fig.  2.  Bridgeport  Landing y  Alabama  River, 

1.  Yellow,  crystalline  limestone,  seen  in  Camden-Bridgeport  road. 

2.  Yellowish,  micaceous  sands,  forming  basis  of  the  hills  back  of  the  Bridgeport  Bluff. 

3.  Yellow,  clayey  sands,  top  of  bluff  at  Bridgeport  Landing 10  feet. 

4.  Coarse,  yellow  sands ^ 10  feet. 

5.  Laminated,  gray  clays 1  foot. 

6.  Ledge  of  dark  gray,  sandy  clay 1  foot. 

7.  Dark  gray,  nearly  black,  sandy,  micaceous  clays,  with  hard,  projecting,  sandy 

lodges  at  intervalsof  3  to  4  feet 22  feet. 

8.  Projecting,  sandy  ledge lifeet. 

9.  Dark  gray,  sandy  clays 3  feet. 

10.  Sandy  ledge 1  foot. 

11.  Dark  gray,  sandy  clays,  with  two  hard,  sandy  ledges,  to  water  level 10  feet* 

Fig.  3.  Canton  Landing,  Alahama  Biver. 

1.  Yellow  sands,  forming  basis  of  the  fertile  soils  of  the  Canton  Bend. 

2.  Yellowish  gray,  micaceous,  and  calcareous  sands,  in  beds  averaging  3  to  5  feet  in 

thickness  and  separated  by  hard,  sandy  ledges,  which  shale  off  on  weathering; 
these  beds  appear  at  intervals  on  hillside  immediately  back  of  the  river  bla£E^ 

being  in  part  covered  by  ddbris 100  feet. 

In  places  the  clayey  sands  have  a  dark  blue  color. 

3.  Yellow,  calcareous,  sandy  clays,  like  the  preceding,  with  hard  ledges  above  and  be- 

low ;  top  of  river  bluff 10  feet. 

4.  Bluish,  micaceous,  sandy  clays,  the  counterpart  of  those  at  Bridgeport,  with  two 

projecting,  sandy  ledges 12  feet. 

5.  Light  gray,  calcareous  sands,  holding  indurated,  irregular  masses,  phosphatized 

shell  casts,  &c. ;  sandstone  ledge  at  base 6  feet. 

6.  Bluish  gray,  sandy  clay,  5  feet  thick,  underlaid  by  more  sandy  bed,  with  phospha- 

tized  shell  casts,  nodules,  &o 8  feet. 

7.  Bluish,  argillaceous  limestone,  with  Exogyra,  Gryphaa,  and  phosphatic  casts. 3  feet. 
H.  Calcareous  sands,  with  variety  of  fossils 3  feet. 

Fig.  4.  Foster^e  Creek,  in  Gee's  Bend,  Alabama  Bivcr, 

1.  Yellowish,  calcareous,  sandy  clay  soil,  with  growth  of  red  cedars. 

2.  Dark  gray,  micaceous,  sandy  clays,  like  those  of  Bridg  eport,  with  hard,  sandier 

ledges  of  lighter  color  at  intervals  of  5  to  6  feet.    The  lo  wermost  of  these  beds 
pontain  the  small  Moscow  Gryphcea , • 30  feetf 

(321)  109 


70    TERTIARY  AND  CKETACEOUS  STRATA  OF  ALABAMA.   (lUiu-d. 

Impure  limeiCoue.  glaaoonitic,  with  phi^pliuliEed  sIibII  ca^ts  &e R  feot. 

Conrae,  cftlcarcoiiB  BiindBtoDe  ledge 3  feet 

Bluisli,  Bandy,  argiUaceouB  llmeBtaDc,  no  fossils  at  top,  but.  filled  id  ibi  lower  and 
middle  parts  with  shells  and  phospbati zed  shell  casts.    The  materiaU  of  this  bed 

vary  from  ar(;il1apeoiis  limestono  to  caloareoQS  aands 20  tteU 

Brown,  phoaphatio  limiwtone 1  foot 

Argillaceous  sandatoDe Ifoot. 

Fia.  G.  Section  on  Tear  Up  Creek,  WUcbx  Voaiilg,  Alabama  Eirer.  ^H 

Yellow  saudsat  Ubm  of  McNeill's  Moaotaiii.  ^| 

Dark  bluish  gray,  sandfjinicaaeoas  clays,  with  hard,  projoctingledgos  at  interval!  of 
3  or  4  feet.  Tiiese  bods  arc  exposed  ia  channel  of  Tear  Up  Creek  bet  ween  the  riyer 
and  the  foot  of  McNeill's  Mountain,  distance  aboot  1  mile.     The  thiakncas  not 

measured,  but  here  placed  equal  to  that  noticed  at  Canton  Landing 100  feet. 

Ferrnginous,  sandy  marl,  full  of  Riplejr  fossils 3  feet. 

Firm  white  limestone ;  no  fossils  obaarred „ , .  .6feet> 

White  limestone,  with  a  few  fossils Sfisct. 

Sandy,  calcareous  beds,  with  tiue  fossils 4  feet, 

Sandy,  indnratoil  liiuestonc  kdgo llo3  feet. 

Calcareous  timeatnne,  wilh  Exoggra  eoitata  &,<i 8  feet. 

Fig.  6.  Prairie  Bluff  and  hill  to  tht  norlheaat,  Alabama  Birer. 

YellowlBb,  cnlcareous,  and  micaceous  sands,  with  hard,  anndy  ledges  at  intervals 
of  4  or  5  feel,  forming  the  hill  northeast  of  Prairie  BlnlT  towards  Rehohotfa. 
In  some  places,  where  less  exposed  to  wcatberinc,  the  aolor  of  the  sandy 
clays  is  dark  bluish,  like  those  of  Bridgeport.  The  strata  of  this  bill  are  in  ap- 
pearance identical  with  those  above  the  river  btnff  at  the  old  Canton  Landing, 

2.  Impure  limestone,  holding  phosphiitized  shell  casts  &.C.,  outcropping  on  the  bluff 

north  of  warehoiisn;  estetided  tbickucss 12  to  15 

3.  Bluish  limestone,  with  shell  casts  ami  Ej-03jca(0-(n(n,  Gr!,iihmimulnbille,&i-.. 

ing  top  of  bluff  below  wari'hoiise ;  two  bard  ledges  in  it -id 

4.  Sauds,  traversed  by  indurated  bands  of  calcareous  sand,  holding  Ejogyra  cantata  and 

(iryjiAira  mutabilit  cbielly.  The  sands  are  whitu  above  iiud  dark  blue  near  water 
level,  but  the  bluesand.i  become  while  where  they  ori>p  out  up  I  he  river  near  the 
top  of  the  bliiir.     Sanda  contain  groat  numbers  of  thirfii  J'alcala M  lo  (lU  feet. 

l-'nj.  7,  Jleldw  ifnscou;  on  the  Toinbigbce  liiwr. 

1.  Black,  sbaly  clay,  devni't  of  fossils,  jniut.s  filled  with  calcite,  at  monlh  of  Sucar- 

liochio  Creek (i  to  8  feet. 

2.  Darkbtuc,sbnly,  nrgilluceoiis  timestouc  and  lhin,proJecling,  harder  ledges..  30  feel. 

3.  Ledges  of  small  Urgphn'a  shells 1  fool. 

i.  Hard,  impute  liraesloues,  wilh  Ktogi/m  coalala  and  llrmihira  miiiahilii;  irregular, 

couciotionary,  sandy  ledge  above,  ivilh  couiininuled  shells,  below  which  a  pnijecl- 
ing  ledge,  with  many  phosphatized  sbcll  casta 15  feet. 
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PLATE  XX. 

ILLUSTRATING  THE  PH08PHATIC  GREEKSANDS  (TOMBIGBEE  SAND)  AT  BASE  OF  THE 
ROTTEN  LIMESTONE,  TOGETHER  WITH  THE  UPPER  STRATA  OP  THE  EUTAW  FORMA- 
TION OF  THE  CRETACEOUS  GROUP. 

Fig.  1.  Blvffat  Erie,  Tuscaloosa  River, 

1.  Rotten  Limestone  of  tbe  asnal  character 30  feet. 

2.  Indarated  ledge,  calcareous  sand,  glaacouitic  and  pbosphatic,  containing  oyster 

shells 7feet. 

3.  Yellowish  sands,  containing  shells  in  upper  part 8  feet. 

4.  Ledge  of  shells 1  foot. 

5.  Yellowish,  glauconitic  sands ;  more  glaucouitic  below 5  feet. 

6.  Sandy  ledge,  with  shells 1  foot. 

7.  Greensand,  cross  bedded 4  feet. 

3.  Laminated,  bine  clay,  projecting 2  feet. 

9.  Pbosphatic  greensand l.foot. 

Fig.  2.  McAlpint^s  Ferry,  Tuscaloosa  River, 

1.  Rotten  Limestone  of  variable  thickness,  with  covering  of  Drift. 

2.  Calcareous  sands,  indurated,  containing  shells,  mostly  oysters 6  to  8  feet. 

3.  Sands 8  to  10  feet. 

4.  Greensand  to  water  level 6  feet  or  more. 

Fig.  3.  Choctaw  Bluff,  Tuscaloosa  River, 

1.  Rotten  Limestone,  with  Inocerami  and  reptilian  bones,  covering  of  Drift  ..20  feet. 

2.  Indurated  calcareous  sands,  full  of  shells,  glauconitic ;  upper  part  =  the  "  Concrete 

Sand  "  of  Winchell ! 6  to  7  feet. 

3.  Yellowish,  cross  bedded  sands,  containing  oyster  shells  in  upper  part,  more  glau- 

conitic and  devoid  of  fossils  below 15  feet. 

4.  Glauconitic  sands  and  small  oyster  shells 1  foot. 

5.  Pbosphatic  greensand 6  to  8  feet. 

Fig.  4.  Section  at  Finches  Ferry,  Tuscaloosa  River, 

1.  Yellowish,  cross  bedded  sands,  with  indurated  bands  at  intervals;  contains  a  few 

casts  of  shells,  mostly  oysters,  and  pieces  of  silicified  wood 25  feet. 

2.  Laminated,  blue  clays,  with  sand  between  the  laminse 10  feet. 

3.  Alternations  of  cross  bedded  sand  and  blue,  laminated  clay 5  feet. 

4.  Bluish,  glauconitic  sands .^. -. 10  feet. 

5.  Laminated,  blue  clays,  the  laminse  separated  by  sand 80  feet. 

Fig.  5.  House  Bluff,  Alabama  River, 

1.  Rotten  Limestone ..20  feet. 

2.  Greensand,  with  pbosphatic  nodules 4  feet. 

3.  Bed  of  shells  in  sand Ifoot. 
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4.  Light  colored  saiid«,  wilh  irragiiUr  ilfpositR  of  aholh  aiiil  shell  bed  at  ba«e.5  fort. 

6.  Sands,  with  Iityec  orsholla  at  haav _ 9  feet. 

1 6.  Alt«rDating  beds  of  hori);oiit»lly  Itiiiiiuated  tmd  crosa  bedded  Baada,  follow  (gl»n- 

conilic),  tlio  iMtporato  ticiiU  ^did  1  to  3  feet  thick,  marked  with  streaks  deeply 
colored  by  iron 40  fed. 

7.  Laminated  clays  (soapstone),  devoid  offVMsilB 10  feet. 

6.  Blae,  micaoeous  aaads,  no  foaaile  observed .lafoet- 

9.  Light  colored  utQds,with  large,  bowlder-Iiko  concretiou 20fe«L 

10.  Alteraatione  of  Ituniaatad  clays  and  lilae  aandH  to  water  level, 
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PLATE  XXL 

GENERAL    SECTION    OF    TERTIARY    AND    CRETACEOUS   STRATA   OP    ALABAMA,   AS   EX- 
POSED ALONG  THE  ALABAMA,  TOMBIGBEE,   AND  TUSCALOOSA  RIVERS. 

Column  I.  Exposures  inland  near  Alabama  Rivir.    {Supplementary  to  Alabama  Biver 

eeciion,) 

HilU  back  of  Yellow  Bluff. 

\,  Gray,  sandy  clays,  alternating  with  cross  bedded  sands,  seen  in  bill  back  of  Yellow 
Bluff;  barometric  measarement 90  feet. 

2.  Gray, sandy  clays,  alternating  witb  cross  bedded'  sands,  like  tbe  preceding;  seen 
in  hill  at  top  of  Yellow  Bluff 40  feet. 

3?  Gieensand  marl,  Wood's  Bluff 6  to  15  feet. 

4.  Gray;  sandy  clays  of  purple  tinge,  including  four  or  five  thin  seams  of  lignite.    Top 

of  Yellow  Bluff 40  feet. 

Grampian  Hilla. 

5.  Gray,  sandy  clays,  indurated,  in  partglaucouitic,  and  filled  witb  shell  casts,  chiefly 

of  Turritella,  in  part  closely  resembling  Bubrstoue  clays 47  to  50  feet. 

6.  Glanconitic  sands,  with  Gryphasa  thiraatf  several  indurated  bands 25  feet. 

On  Pursley  Creek, 

7.  Glauconitic  sanJs,  with  Gryphana  thirace,  clayey  above 12  feet. 

8.  Laminated  sand  and  sandy  clays 15  feet. 

9.  Yellowish  gray,  cross  bedded  sands,  indurating,  with  bowlders,  inclosing  lenticular 

sheets  of  clay 25  feet. 

10.  Gray  sands  and  clays,  interstratified,  glauconitic;  lignite  at  base;  seen  in  Parsley 

Creek 20  feet. 

Oak  Hillf  Graveyard  Hill^  and  Pine  Ban-en  Creek, 

11.  Gray,  sandy  clays,  cross  bedded  sands,  and  thin,  laminated  clays  in  many  alter- 

nations   1.. 108  feet. 

12.  Gray  clay,  breaking  into  cnboidal  blocks,  15  feet,  passing  into  black  clay  marl, 

Matthews's  Landing 23  feet. 

13.  Yellowish,  calcareous  sands  and  sandy  shales,  with  bard  ledges  and  3  feet  hard, 

yellowish,  phosphatic,  sandy  limestone  at  base 1.31  feet. 

14.  Yellow,   calcareous  clnys,   passing  below  into  black,  all   holding  Black  Bluff 

fossils 35  feet. 

15.  Argillaceous  white  limestone;  Nautilus  Rock  10  feet,  with  6  feet  calcareous  sands 

below 16  feet, 

16.  Crystalline  limestone  and  Turritella  Rock 8  to  9  feet. 

17.  Yellowish,  micaceous  sand,  with  Ripley  fossils I ^  feet. 

18.  Bluish  gray,  calcareous  sands,  bard,  projecting  layers 15  feet. 

Xear  Vinton^  Autauga  County. 

19.  Thinly  laminated,  white  and  pink  and  purple  clays,  with  small  percentage  of  pink, 

purple,  and  yellow  sand 30  feet. 

20.  Purple  and  mottled  clays  12  feet,  red  sands  5  feet,  and  white  and  yellow,  lami- 

nated clays  8  feet 25  feet. 

2L  Variegated  pink  and  micaceous  sands 6  feet. 

22.  Mottled,  yellow  and  purple,  sand}  clays  and  sands,  on  the  banks  of  Mulberry 

Creek 20  feet. 

Soap  Hill,  Bibb  County,^ 

23.  Clayey  sands  in  several  ledges 10  feet. 

24.  Cross  bedded,   yellowish  white  sands,    indurating  into  sandstones  at  inter- 

vals   30  feet. 
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Is.  Lttininatud,  gtay  uUy,  witli  pitrtiiign  of  annil  10  fast,  overlyins  40  feet  of  lami- 
nated clnys  and  cross  Iwildc^d  sunila 50  feet. 

16.  Laminated,  gray,  situd;  gIhj-i,  wil.li  lunf  Impreasioaa,  land  at  boae 20  feel. 

Near  Tuituloaia. 

^.  Vuricgated,  imrplo  xauds,  !>1ie<;t  of  ferriigiiiuusa»iidaIone  on  top 6  £mL 

;S8.  Purple  day.  with  partibgauf  sand 10fe«t 

$U,  Qraj,yeU(iw  saada  and  clnya,  ferruginous  ledge  on  top ,,.....  .8  feet. 

10.  Tbia  bod  of  lignite  in  clays,  overgra;  mass.    Not  seeu about  30  fvict. 

Si.  Farple  clays,  nitb  two  ledgca  of  saady  irou  ore 40  to  SOfeuU 
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ilarihaWi  Landiiiy  lo  LUbo". 
1.   ricktburg.     Wbito  Limestone,  nitli  OrbiloUla  .VanltUi,  bill  bacic  of  CUiboi 

also  back  fVom  Ti VST,  from  MarahuU'a  Luiidlng  tn  rjBliitiHtnwn..at  least  140  footv 
8.  Jaiihon.   Arglllaceoas  Wliite  Liuieatnue,  with  bones  of  Zengtoiloii  Celoi4ea,  phott- 

pbatio  uodtilea,  and  niaila,  from  Claiborne  to  Marahall'a  Landlug. .liO  ffwt. 

3.  Sontella  bod,  folluwod  by  coane,  ferrugiuuiia  sHodii,  of  vrLieli  17  feet  iit  litKbly 

fossUiforous ;  Lard,  sandy  ledge  at  bajW) 30  feet. 

4.  Calcareons  clay,  alternatiug  withgroensaudooiitaiuing  Oitreaiellix/orMis.^  fout. 

6.  Ligbt  gray,  ualGareonssands,  traversed  by  bard,  saudy  ledges,  clayey  iupart,  Oatrra 

wlla/ormU,  cbaracteriatio  greonaand,  nnd  sbells  at  base . 35  fiwt. 

8,  Blue  glay,  passing  into  greeuiaii'l.  upper  bllf  with  few  fossils,  lower  half  bigbly 

foHlliferooa 28  feei. 

7.  CftlDaraoQH, cUfey  sands ; 9  feet. 

B.  Coarse  ferrngiaoiiB  marl  3  fuct,  fbllowed  bySO  feet  of  light  yellow  aanda,  few  foa- 

aila V 33  feet 

9.  Rlnisb,  jointed  ciny 12  f.'et. 

Hamilloii'ii  Laiidiag. 

10.  Liglit  colortd,  iiluiiiiLioin sand.slimi'.i,  cliij stones, and  silicioiis  sandstones.. 75  feet. 

Vultow  niiijf.  r.^li:i  U«iU«y.  a«i  /■,i»m-  /Vnofi  Trei: 

11.  Reddiah,crossbvad.'dsands,-Jf.'i-t  li-iiilv  :,l  Ui'^y  i'J  fwt. 

Id.  Laruiiiateil,  sandy  riay.j,  Ki^iy  cidnr  — __ 15  fi'i-i, 

13.  Vollowitanda,  ii!is9itigl).d.nvinl.i«r,iy,  luKiiuati-a.srniily  i-l;iy.s ■refuel. 

14.  GrL-Busand  m:irl,  llrll's  l.^iiidiii^ 10  ftet. 

15.  (itay,  lainiiiali'd,  .-cindy  I'biys  'i'i  to  iTi  fiii't,  [Knsiiii;  into  clay  mail,  Gregg's  Lund- 

ing,  r,  f.ct 30  feci. 

n.-s.s  olluiiiiiintii.il,  1  T-ot  Krcfiisaud  (uiul  al  bast" .'.0  ffot. 

17.  (iray,  sandy  L-iay- lU  feel. 

i:alUltt'i  iMiidniy. 
IH.  tiray,  sandy  tlay..=,  allciuali-ly  lliiii.  lan.inalod.  and  lieavy  bpd.W  ;  iiidiiratea  by 

glanounitii.-  clay  on  lop  and  j;r.-i:iis:iiid  bed  in  middle  37  fi..et. 


a».  Whit.',  cross  l.L'ddrdhandH 1-J  f.rct. 

21.  Uluisli, clayi'v, Klain'oriiiif  sands,  uilli  CimiliiM  (hirim,  several  bard lfdgcs,50 ffet. 

/•■ir-lni  Cr„k  lo  t'oal  lUiiff. 
■12.  tiliiuoniti.',  flayry  saiuU  ..f  varyiii;;  desjre.-  of  hiirdiifss,  b-id  of  lignite  4  ft-et 

(Coal  l(liLll)  at  l>;iM- :iof«>t. 

'a.  Gray,  sandy  clays 10  feet. 

It,i,-f„rd\  Lmiditig. 
I^^ray  elay.  .-rn-s  bi'iidnl  san.ls,  liiiilnrirs  Laiidiiij;     10  feet. 
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Walnut  Bluff  to  Clifton, 

25.  Gray,  sandy  clays,  forming  rivor  banks  from  Walnut  Bluff  to  Clifton.  ..35  (f )  feet. 

Matthetcs'H  Landing. 

26.  Black,  sandy  clay  marl,  micaceous,  Mutthcw^'s  Landing 20  £det« 

Midway  to  Prairie  Bluff, 

27.  Black  clay,  Midway 5  ft«et. 

28.  Argillacoons  White  Limestone  (Nautilus  Rock) 10  feet. 

29.  Crystalline  limestone  (Tarritella)  back  of  Bridgeport. 

30.  Yellowish,  micaceous  sand  (Ripley  fossils)  at  Bridgeport  and  hills  back  of  land- 

ing  56  feet. 

31.  Dark  bluish  gray,  sandy,  micaceous  clays,  weathering  into  yellowish  shales,  with 

indurated,  sandy,  projecting  ledges  at  intervals  of  5  to  10  feet  throughout  whole 

•       thickness,  exposed  at  Bridgport,  Tear  Up  Creek,  Canton  Landing,  and  hills  back 

of  Prairie  Bluff,  and  in  Oee's  Bend 100  ft»et. 

32.  Bluish,  argillaceous  limestone,  with  phosphatized  shell  casta  &c.,  Ripley  forma- 

tion   30  to  35  feet. 

33.  Sands  of  various  colors,  dark  blue,  gray  to  white,  traversed  by  indurated  bands 

of  calcareous  sands  with  Cretaceous  shells 60  feet. 

Rotten  Limestone,  Bridgeport  to  House  Bluff. 

:\A.  Highly  argillaceous  limestone,  with  ledges  holding  many  shells  (Ostrea,  Gryphaa, 
Exogyrd) 1,000  feet. 

House  Bluff. 

35.  Hard,  calcareous  sandfi,  with  fossils  strongly  phosphatic  in  part 20  feet. 

36.  Alternating  layers  of  horizontally  laminated  and  cross  bedded,  yellowish  (glau- 

conitic)  sands 40  feet. 

37.  Laminated,  blue  clays 10  feet. 

38.  Blue,  micaceous  sands 15  feet. 

39.  Light  colored,  micaceous  sands 20  feet. 

40.  Laminated  clays  and  blue  sands,  thickness  not  determined. 

Column  3.  Section  exposed  on  the  Tombigbee  (including  the  Tuscaloosa)  River. 

St.  Stephens  and  Baker's  Bluff. 

1.  Vicksburg.  White  Limestone,  with  Orbitoides  Mantelli,  forms  upper  70  feet  of  Saint 

Stephens  Bluff,  upper  part  of  Baker's  Hill,  and  greater  part  of  river  bluffs, 
down  to  Oven  Bluff 140  feet. 

2.  Jackson.  Argillaceous  White  Limestone  lower  part  of  Saint  Stephens  and  Baker's 

Bluffs 60  feet. 

3.  Scutella    bed,    underlaid    by   coarse    greensand    and    Claiborne    fossiliferous 

sands 15  feet, 

Coffeeville  Landing. 

4.  Yellowish  gray,  calcareous  sands,  with  Ostrea  seUaformis,  clayey  in  part,  traversed 

by  hard,  sandy  ledges,  greensand,  with  comminuted  shells  at  base 35  feet. 

5.  Bluish  clay 7  feet. 

Hatchetigbee  to  mouth  of  Bashi  Creek. 

6.  Aluminous  sandstones,  claystones,  &c.,  of  jointed  structure,  forming  at  White 

Bluff  a  perpendicular  cliff 115  feet. 

7.  Brown  clays,  sandy,  non-fossil iferons,  30  feet,  followed  by  3  feet  marl  and  15  feet 

purplish  brown,  sandy  clays;  then  23  feet  of  sands,  st  riped  with  brown  clays 
and  inclosing  two  beds  with  marine  shells ;  in  all 75  to  76  feet. 

8.  Dark  gray,  sandy  clays,  striped  with  brown  or  purple,  sandy  clays.     Very  few 

fossihs  exposed  at  Davis's  Bluff,  White's  Bluff,  and  McCarthy's  Bluff.  ..100  feet. 
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B.  (Sayoy  uiarl,  paBsing  into  aereeusand  marl  18  fiiet  tbiiik :ll  feut, 

to.  Gray,  clayey  undH,  with  four  or  more  thin  aeuniB  of  ligniU] 25f«et. 

Tutcahoma  to  SliaquaboKa  Crtek, 

11.  LiimiDBtccl  HODits  aDd  ioilurated  sands,  nit b  bonriden 30  fe«L 

19.  Gray,  sandy  clityH,  striped  with  BonieirLat  harJur,  projecting  ]edgea.-'J5  tn  40  feet. 
U.  Oroensaiid  mar!  (BeH'B  Landing) 7  feet. 

14.  Sandy,  laminated  clays 15  feet. 

Borm  Creek  la  Gay'i  Laniing. 

15.  Gray,  Aandy  uloj'a,  rather  thin  bedilod;  Iinnl,  sandy  Inlgs  at  liiue 23  feet. 

Ifl.  QIaacouitic  eaada  and  dayB,  with  Qrj/pkaia  th\rut IS  feet. 

Lott'ia  Feng  to  yan^alla. 
IT>  Olauoonitic  aanda,  with  Oryphaa  IhiriiK,  at  Lott'ii  Ferry,  F.iireka  Landing,  and 

Nauafalia  Landing 35  feet. 

18.  Block  olay,  pnMlng  into  greeoHaud  marl,  with  Ornpkaa  Ihlrta IS  feet. 

Landrun'*  Crtuffc. 

Ul.  Black,  nilOBCeous,  glnnoonitie  Manila ...15  feet. 

W.  Lignite?  I'eot  aud  5  feet  gray  clay  below 18  fc«t. 

Tompkinnlllr  ro  IftAeola. 
H-  Oray,  sandy  clays,  cross  bodilod  aaiid^  and  laminated  olays  in  many  alterua- 

tiona Wfeet. 

IB.  Greeasand  marl  (Nabeola),  with  black  cluy  below 20  fe«t. 

Xaheola  to  Blaek  Bluff. 

is.  Between  Naheola  and  Black  Bluff,  black  olay  a tbicknee*  unknown. 

H.  YollowlHb  clays  3D  feet,  uiiderluid  by  M  feet  of  bl.tck  in  dark  bro  wn,  slaty,  foiwilif- 

erous  clays,  Black  Bluff  fossils 80  feel. 

Sloacow. 
371.  Dark  blue  or  black,  sandy  cliiy.i,  witli  iiidarate<l  bands,  calcareous  below,  pass- 
in;,'  into  ail  argilhicoous   limestone   10  to   16  focf,   with    pbortpbatized  Hbell 

c:isH 55  feet. 

Il^ilei,  !-im->hi;:  M.mo,,-  l,>rl,orti„r  HU-ff. 
a(i.  ArKilli.^-.'i'iis  liiiiMtim,-,    Mitliiianil.-il-.'.s,  boldin;;  iii.iiiy  nIii-ILs  ( (»»(i-ra.  Kxogyra, 

Ihyi-lmi,) _ l.OOOfeel. 

Cliorliiii'  llh-f  (»  /(;./  I.0'j  Slioah. 
27.  Hani,  calcareous  sanda,  bighly  fi).stiliferons,(i  to8  feet;  thin,  yellow,  cross  bedded 
HiindH,  lofcct;  audbelowilii.fai>li.is|ibatii!(,'rfeusaiid,S  to  l(tlcot..alM>iif2Jfcet. 
a^.  Cn>ss  bedded,  glauconi tie  hjuhIh,  willi  tbiii  clay  ]iarliiij;n,  jellowi^li  tolnr  iireviiil- 

iiift 40  feet. 

!i!l.   Hiirk  Ki-^iy,  l;iiiiiiiated,  Hamly  cliiys,  :ilt,Tii!tliiJS  will,  lihiiali  ri;iii,is. ..  I,',  to  20  feel! 

:[li.   l.:iii,iiiitl..U:iinUi.ii<lcl.iys,!ill.Tiiufin;:ivil!icr,«-ibe>l.l.'il  squills 40  (I)  feel. 

:il.  Coiii[iacl,  iiiicaceuiis  mimlH,  erosi- bedded  san<U.  laminateit  cbiys,  in  many  alter- 
nations, invlnding  two  small  l>eda  of  pcbblejt  and  IliJn  bvil  of  li<;Ditic  mat. 
ler GO(f)feet. 

H7,if,-»  iii.ijr: 

3-J.   J>nr|,li>  and  moltlod   clayc.  10  leel,  wilb   U  feet  of  yelli)>v,  mi.aceo.is  sami-  be- 

>■(«(.'»  JUuff. 
Xi.  Piiriile  and  mollled  elays,  III  feet,  will)  10  feet  lih-bt  yelloiv,  e.ciiMe.  cross  bed.Ied 

pebbly  (cheii)'^i'i.'i'' Wfeet. 

IVilli/onFx. 
34,   Pur].leaLiairiolllea<l:ijf _ 10  feci. 
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Mrs.  Princt^d. 
35.  Purple  and  mottled  clays 10  feet. 

Saunders's  Ferry  to  Tuscaloosa, 

3G.  Dark  gray,  laminated  clays,  sandy  partings,  25  feet,  and  gray  sands,  indurated,  15 
feet,  at  Venable'sand  near  Saunders's  Ferry 40  feet. 

37.  Sandy  clays,  with  leaf  impressions,  black  scales  like  graphite,  fragments  of  ligui- 
tized  stems. 

Column  4.  Exposures  inland  near  Tomhighee  and  Tuscaloosa  Bivers,    {Supplementary  to 

the  Tomhighee  Biver  section.) 

Salt  Mountain, 

1.  White  Limestone,  in  part  crystalline,  filled  with  masses  of  coral 150  feet. 

2.  Orbitoidal  White  Limestone 20  feet. 

Sills  west  of  McCarthy's  Ferry, 

3.  Aluminous  sands,  indurated  clays  or  claystones,  silicious  sandstones,  d&c,  form- 

ing hills  west  of  McCarthy's  Ferry,  in  Choctaw  County,  270  feet  in  one  exposure, 
with  15  feet  laminated  clays  at  base;  iu  all 285  feet. 

Bladen  Springs  horing. 

4.  Loose  surface  materials,  varying  slightly  in  color  and  texture 80  feet. 

5.  Alternations  of  blue  and  sandy  marl  (clay),  with  indurated  blue  ledge  5  feet  thick 

at  base 81  feet. 

6.  Soft,  clayey  marl 23  feet. 

7.  Greensand,  with  shells;  3  feet,  followed  by  22  feet  alternating  hard  and  soft  beds, 

the  latter  fossilifero us,  water  bearing 25  feet. 

8.  Marls  or  blue  clays 46  feet. 

9.  Brown  and  blue  marls  (clays)  in  many  alternations  (lignitic  f ) 21  feet. 

10.  Blue  marls  or  clays,  with  2  feet  of  greensand  at  base 61  feet. 

11.  Lignite,  5  feet,  followed  by  19feet  of  brown,  tough  marl  (clay) 24  feet* 

12.  Blue,  saudy  marl,  with  many  varieties  of  shells ;   Venerioardia  planicosta  recog- 

nized  23  feet. 

13.  Blue,  sandy  marl  (clay) 58feet^ 

14.  Brown  marl  (clay)  5  feet,  with  32  feet  blue  marl  below 37 feet. 

15.  Greensand  marl,  9  feet,  followed  by  37  feet  of  blue  marl  (clay).    At  500  feet  water 

was  struck,  which  flowed  10  feet  above  surface 46  feet. 

16.  Brown  clay  marl,  19  feet,  followed  by  15  feet  blue  clay,  with  greensand,  contain- 

ing shells - 34  feet. 

17.  Brown  marl,  resembling soapstone;  contains  shells;  stream  of  water  near  bottom 

which  flowed  30  feet  above  surface 50  feet. 

18.  Gray,  sandy  marl,  with  shells ..15  feet. 

19.  Gray,  sandy  marl,  with  shells ;  more  clayey  than  preceding 64  feet. 

20.  Very  tough,  blue  marl  (clay),  at  base  of  which  a  thin  layer  of  whit«  sand  and  then 

a  thin  layer  of  greensand 71  feet. 

21.  Brown  marl  (clay)  5  feet,  followed  by  alternating  beds  of  clay  and  sand,  mostly 

»aud  {fimt  salt  water) 20  feet. 

22.  Alternations  of  gray  and  brown  sand,  with  marl  (clay) 26  feet. 

23.  Tougb,  blue  marl,  clay  {hig  vein  of  salt  water) 13  feet. 

24.  Sand  and  clay  alternating 14  feet. 

25.  A  kind  of  white  limestone  (f)  containing  mica,  passing  below  into  3  feet  blue. 

Handy  marl,  containing  shells 28  feet. 

26.  Blue  marl  (clay)  14  feet,  followed  by  14  feet  of  blue  marl  and  sand,  numerous 

slielU 28  feet. 

27.  Marl,  12  feet,  with  streaks  of  sand,  followed  by  brown  sand  and  blue  marl,  12 

feet 24  feet. 
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'SB.  Oroeniali  rock,  cLalkj-  aliovo.  liarti  below U  ft»i 

SB.  Sondetone  i  foBt,  fullowed  by  25  fiji-t  qukkBiind,  ofwbilu,  blue,  and  fir»y  colon 

{utrong  utrcan  of  tall  nalrr) SO  ft*!. 

l'80.  Marls  or  clays,  mostly  ofgrayiab  or  llglit  brovra  colors,  with  several  ledges  of  ux- 
'  tn-mely  bard  rock,  o.  g.,  one  2  fcft  thick  at  960  Ceei,  ono  1  foot  tliick  at  971  fiwt, 

oue  3  inches  tliick  at  9T9  r^t,  oue  Ifoottbicb  at  1,009  feet 1S7  foeL 

31.  Tough  black  clay,  Q  feet,  followed  by  99  feet  of  dark  blue  clay,  some  of  it  quite 

I  bard  aod  firm  ;  soine  very  soft  aodaticky 99&«L 

38.  Snuff  colored  clay,  soft  and  slitky , 13  leefc 

33.  Gray  sand  aod  Bhclls  12  feet,  foUoweil  by  Sfeetson,  sandy  clay . 17  fiwt. 

34,  Uunl  ledge  4  itiohiui  at  top,  below  wliioh  1S3  foct  of  muderutuly  burd,  i^raybih 

iir  bliio  rock,  vfitb  soarcely  any  cliaugo  iu  color  or  teiturc,  to  bottom  of  liuriiig; 

no  shells  observed ;  Rotten  LimcslniiB probably  12fi  foot. 

Lipiugtioii  arlvaian  tcnti  bluing. 
I  36.  Soft,  liluo,  argillacoons  Rotlon  T.impatono,  thickly  mt  with  Bhclli  and  oontainiiig 
iron  pyrites 1^0  feeL 

!36.  Hard,  white  limestoue,  with  few  sbelU 50  fed. 
87.  Hard,  blue  limcstoue  T  fuet,  followed  by  OS  feot  of  pure,  blniah  wbito  limestoav, 
with  few  ifniiy  sliPlls 75f«u 
38.  Very  hard,  white  liioestone,  otrutniu  of  oyster  abi-lls  near  top iiSfeat. 

I  <S9.  Light  bine  limestone,  not  so  hard  oa  preceding 47  feet. 

W.  Bluish  brown  liDaeatooc,  tilled  nith  small  sbella,  rather  sandy  58  feet. 

I  41.  Hard,  white  limestoue 103  teeb 

4S.  Soft,  bine  limestone,  2  feet  brown  rock  at  top S3  feet. 

43.  Eathor  soft,  brownish  bhiB  limLBlouo TSCeet. 

44.  Very  soft,  blue  limestone,  hard  ledge  at  top II  feet. 

45.  White  ItmeaCouo,  moderately  soft,  with  occasional  Blight  cbangea  in  color  and 

hnrdnea^i 250  feflt 

46.  Hard  sandstune  6  feet,  10  feet  saml,  water  bearing,  nnd  t  foot  sandstone . .  .17  fe^t. 
4T.  Coarse  greensnnd  'M  feet,  saudstouo  2  feet,  grueiisaiid  'J.">  foi't,  miiidHtone  3  fwt, 

iiud  greeiiHund  ns:iiii  18  frcl,  water  benriiiK  ;i(  l,Oori  fret S5  feel. 

4a  FiiiogreedHOiid,  Hint  la.vcr  on  top  . . . . .'. 10  feet. 

.V,,,,'  ll„r,.,u,. 
49.  Yellow  aami  ami  pebbles  10  feet,  ovr-rlyiTii;  :m  feet  of  v:iiio;;:i(c>il,  ]iirik  :ind  purple, 

iniciiceoua,  croiw  bedded  siiuilK,  near  il;nAna 40  I'l-l'!. 

la-j  Sai'ily  liuk. 

iO,  Pnrple   and   mottled   clajs  seen   ulong   rnad  U-iidhi);  up  hill   fiii]"  Big  Sandy 

Creek M  fret. 

01.  Light  yellow  sanda  nnd  pebbles  I.~>  fet't,  with  a  feet  d:<i'k  gray.  Iniiiinati'it  clay, 

with  lignitizeil  trunk,  Vi--  Siiiidy  Crci-k 23  feet, 

l.il'le  .landj)  Cr.-el: 
52.  Yellow,  tiiiciiec-oin  .-wiiids,  overly ing  dark  gray,  micaceous,  lauiiuated  clays.  .S  fool. 
G:t.  (Itulougs  t"  a  r>'ieiit  foiiiiation.) 

Tiiacaloosa  Citit. 

54.  Dark  gray,  l;.niiii;it.'d  chiy.-.willi  leaf  impressions , 8  feet, 

55.  Light  culureil,  sharp,  cross  heild^d  saniis 20  feel, 
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defined 26 

forming  limy  or  prairie  soils 122, 126, 127 

Oven  Bluff,  Clarke  County,  occurrence  of 

White  Limestone  at 130 


P. 


Palmer's  Mill,  Pine  Barren  Creek,  contact 

of  Tertiary  and  Cretaceous  strata  at .  67 

seotionat  — 73 

Payne,  F.,  occurrences  of  White    Lime- 
stone   and    Buhrstone    in    Clarke 

County,  near  residence  of . . .  *. 129 

Peebles's  Landing,  Alabama  Biver.  sec- 
tionat   48 

Phosphatic  material,  in  Whita  Limestone.  21 ,  22 

in  Saint  Stephens  Bluff 22 

in  Nanafalia  beds 55 

in  Oak  Hill  beds 63,64 

in  Bipley  beds 75, 76, 78, 79, 80, 81, 83, 83 

in  Tombigbee  sand  (Eutaw)  beds. 86, 87, 89, 90, 

91,92 
Pickens's  Landing,  Tombigbee  River,  sec- 
tion at 49 

Pino  Barren  Creek,  Wilcox  County,  soils 

of 64 

section  from  base  of  Graveyard  Hill 

to W 

Pine  Barren  section  (Bipley  formation) . .  73 
Piny  woods  prairies,  Ostrea  sollxcfdrmis 

beds  of 127 

Prairie  Bluff;  Alabama  Biver,  section  one 

niiloabove 77 

section  of  Bipley  strata  at 78 

phosphatic  materials  at -  78, 79 

undulations  in  strata  at 132 

Prairie  Creek,  Wilcox  Connty,  soils  of. . ..  64 


(339) 


Pnlri*  or  ttaj  mIU  ttOvti  ftvin  VTbiln 

fmu  W<Kid'*  Btnir  omI - 40  . 

WiU M,S7 

IhjtaSliwk  Bluff  nlajn 


u  Cliiborae  Ix 


w   Hill,   Wlli»: 
KIplar  *tml* 

phnaphatla  pt 


Prisea'a  Lvidlag.Tiuoiliiou  Rivei,  ehtyt 
Pi>*«'«Slar»,  CbodUvCanntf,  Suhntod* 
pHDda-ISuhntuaBdaaaed 


12A12I      So*p  Sill.  Bibb  CooDtr.  HcUoD  of  Tdso 

I  looHiUMast 

CUlban 


IM  I  f>oallpaCr»k,ChaeUirCoB 
IM  '  BlBde's  Blnlt,  TdhiIoou  R 


i'(  Blnff,  TaHnloD 


Puh  Cuh  Cmclc.  CbocUw  Count)',  Oitna 


lUbble  Creek.  CbocUw  Coontr.  Wtwd'n 

Uluiriumltai 

BitUMmku  Bluff.  AkbiUM  Sint.  hcUbd 

Slcbmunil.    thJIu*    Caaoty.    pboiphitlid 

l^p«&smdi  B«r...^ ..,,_,,. 

HOUoD  (RIple;  itnu)  Ibiva  mllr* 
watliireaC  DC 

Blplcj-loimaUoD,  ehsncter  uid  Uilcknua 


Bucky  Bloir,  ALftbaini 

Ripley  -trala  at 

Kogi'n,  II.  !>.,  qii.ili'i: 


Taylor.  K.  C  qooUi) 

Xur  Vp  CtbbIl.  'Wilctix  Caiintjr.  HotloB 

or  RIpLey  ilnU  at  napth  ol 

T«rlUrj,  Alobuna.  aommarj  of  l^idlbf 

foftturw  or  the 

DudnlaUona  In  ths 

r^omioT 

TflTtiary  uid  CnUunnua.  aabdlirlHlaat  oC 

InOnlfSUKM 

■ubdirbi<niaor,iiiAUbaiu 

Tlwrntini.  E-lj..  rjnoMil 

TomilkiDivnie,  TamblttlKV  Hirer,  acctloa 

«- n 

TuoiDDy.  U.,  qooled . . .  IM«.  23. 23, 31. 3X  U,  n,« 

n.v 

Tnnui'a  Fan;.  Tombiabee  Rirai,  asetiin 

•t - M 

Tucabooik  iMaUae.  Tmnblgbea    BIth', 

•ecOonM M 

TaualDoaa,  Ala.,a«itioD  Id IN 

s^i^tlpo  Df  e«lly  H-n  nil™  ir^M  of  ....  M 


■a  Ferry,  T««:.loo«  K 


Shiiniard.  B.  F.,i 


Waahiniiloa  Fvtry,  ALikbaiii;i  It 

tiim  of  BuUff  atnita  nt-jr 

Webb,  K.  D„  record  by.  uf  artt 

Wliitc    llliiff,  Tombiglwo    Riv, 


IX  L 

«l 

20 

3.31. 35  ' 

12I-1M 
103 

t3J 

lEX. 

a-||liroh|->  LaDillDR.  TDMaloow  RiT«r. 

Paja. 

toniiMot 30.!I.K.! 

BTWunln 

WlDchell.  A..nu<.ted..2C.33.34.aS.73,TT.7t 

w 

Wumar.k'A  eill.  CbMlair  Connty.  White 

.BT.ioe 

wetiim  of  itntii.  Alabama  River 

Wood*  Bluff.  Tomblgbi«RlTM,MCtlaDS 

Wood*  Bluff  marl.  occnmiiM  ou  Rabbit 
W.KKl-11  Bbiff  or  B^lViMrlM  of  tbe  Ug- 

on  Satllpa  Creek 

Whilei  Blufl;  TuKslooM  Rlrer  «m  tloii  of 

T. 
rant™  Biantb,  Wilcoi  Conuly.  Ugnlto 

WhitfloU,  it.P.,nuot-«ii 

Wllll>ii»'>  Gm,  Tombigb»  Slv^r,  Hrtion 

Tolloir  Bluff.  AUbamaRlTOT,  aectlon  at. 

I 


NOTIOTt. 

Tliw  liiiltMllunrtbpUtitlPil9MliuUt!Ml(^l(i»l  .Hurv«y  Mi>  iiiiiiUh 
iwrt»4Miil  Hill  !■<  tii^Mil  (II  milium*  iifi'iiot-i<itluiliilH>. 
'I'KU  tiMllMlii  will  tm  LiirjiiilMl  iu  Viilutua  VU. 


iiiiiiiliiii 

3  kins  D11  713  17t 
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